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TRANSGENIC NON-HUMAN ANIMALS CAPABLE OF PRODUCING 
TRANSt vwrvnmOGOV* RTJTT BODIES 

. CROSS-REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of 08/ 
209 741 filed 9 March 1994, 08/165,699 filed 10 December 1993 
and' 08/161.739 filed 03 December 1993, which xs a 
continuation-in-part of 08/155,301 filed 18 Nove.be 9 3, 
10 which is a continuation-in-part of Serial No. 08/096 762, 
filed 22 July 93, which is a continuation- xn part of 
08/053,131 filed 26 April 93, which is a CIP of Serxal No 

99 860, filed 16 December 92, Serial No. 07/810,279 xled 
'December 91, and Serial No. 07/904,068 filed 23 June 9 ; 
15 which is a CIP of Serial No. 07/853,408, filed 18 March 92, 
all incorporated herein by reference. 

uprHHTPftTi FIELD . „ ma „ 

The invention relates to transgenxc non-human 
20 animals capable of producing heterologous antibodies, 
transaenes used to produce such transgenic anxmals, 

genes capable of functional* rearranging = 
„ gene in V-D-J recombination, immortalised B-cells capable of 
producing heteroses antibodies, methods and transaenes for 
25 producing heterologous antibodies of multiple 

Lthods and transgenes for producing ^"^^ 
.herein a variable region seguence composes soma t,c mutation 
as compared to germline rearranged variable reoxon fences, 
transgenic nonhuman animals which produce antxbodxes havmg 
30 human primary sequence and which bind to human antxgens 
hybridomas made from B cells of such transgenic ammals. 
monclonal antibodies expressed by such hybridomas. 

35 one of the major impediments facing the development 

of is vivo therapeutic and diagnostic applications for 
monoclonal antibodies in humans is the intrin " C when 
immunogenic^ of non-human immunoglobulins. For example. 
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antibodies^'l « *" tlb °*^. the patients produce 
» antibodies ana can cause I JTZilZTT th ~~* 

CorT mt 3re Pr °" isi "9 therapeutic 

and/or diagnostic targets. However, producing human 

u. P :~ UBS ttat ~" antigens is 

(usually a rat , eIt P 0 =«9, or pricing, an anlaal 

that anLal lr, n 0 ::; ,: \ h ^ — ^ -ceils from 
5 screening a hvbr-I ^ ° f h y bri *»»a clones. By 

specif icitv r ! \ P ° PUlation for "tigen binding 

- iretr:; iir:::^r select hybridoM — 

■ -^tSTLT^t^ 9 — 

generate », -PP-nea for the purpose of 

'orZaTalT^ns 3 oLt leS ^ Mndi - 

human i^unogXiL TseT "'T^' * ± * 
typically not' Je iLn E r :;:„: e T aCle ' ^ 

Hen™ responses agamst self-antigens. 

Hence, present methods of generating t, 

"onoclonal antibodies th„* generating human 

r n antigens are^y ^len^t 

as the sou"e of B . ce ll 7 " *"* Speol ~ ™ — 

ource of B-cells for making the hybridoma. 

Actional ^otu? 0 " " m ™ 1S h ™»* « 

«<»x nererologous immunoglobulin tMne« 0 «« 

by which antibodies reactive „Lh self ' 

produced. However, in order Z L "* 
+-K oraer to obtain expression of 

transgenic B cells that tram * en " a «i»al must produce 
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presence of surface IgM on the transgenic B cells, however 
isotypes other than IgM are desired for therapeutic uses. 
Thus there is a need for transgenes and animals harboring 
such'transgenes that are able to undergo functional V-D-J 
5 rearrangement to. generate recombinational diversity and 

junctional diversity. Further, such transgenes and transgenic 
animals preferably include cis-acting sequences that 
facilitate isotype switching from a first isotype that xs 
required for B cell maturation to a subsequent isotype that 
10 has superior therapeutic utility. 

A number of experiments have reported the use of 
transf ected cell lines to determine the specific DNA sequences 
required for Ig gene rearrangement (reviewed by Lewis and 
Gellert (1989), Cell, 59 , 585-588). Such reports have 
15 identified putative sequences and concluded that the 

accessibility of these sequences to the recombinase enzymes 
used for rearrangement is modulated by transcription 
(Yancopoulos and Alt (1985), Cell, 40, 271-281). The 
sequences for V(D)J joining are reportedly a highly conserved, 
20 near-palindromic heptamer and a less well conserved AT-nch 
nanomer separated by a spacer of either 12 or 23 bp (Tonegawa 
(1983), Nature, 302, 575-581; Hesse, et al. (1989), Genes^n 
Dev> < lt 1053-1061) . Efficient recombination reportedly 
occurs only between sites containing recombination signal 
25 sequences with different length spacer regions. 

ig gene rearrangement, though studied in tissue 
culture cells, has not been extensively examined in transgenic 
nice Only a handful of reports have been published 
describing rearrangement test constructs introduced into mice 
30 [Buchini, et al. (1987), Nature, 32J., 409-411 prearranged 
chicken X transgene); Goodhart, et al. (1987) , Eroc^a£U 
in.*. «r.1. USA, 84, 4229-4233) prearranged rabbit c gene); 
and Bruggemann, et al. (1989), Vmr N.tl Arad. Sci. USA , M, 
6709-6713 (hybrid mouse-human heavy chain)]. The results of 
35 such experiments, however, have been variable, in some cases, 
producing incomplete or minimal rearrangement of the 
transgene . 
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Further, a variety of biological functions of 
antibody molecules are exerted by the Fc portion of molecules 
such as the interaction with mast cells or basophils through 
Fee, and binding of complement by or Fc T , it further is 
5 desirable to generate a functional diversity of antibodies of 
a given specificity by variation of isotype. 

Although transgenic animals have been generated that 
incorporate transgenes encoding one or more chains of a 
heterologous antibody, there have been no reports of 
0 heterologous transgenes that undergo successful isotype 

switching. Transgenic animals that cannot switch isotypes are 
limited to producing heterologous antibodies of a single 
isotype, and more specifically are limited to producing an 
isotype that is essential for B cell maturation, such as lg M 
> and possibly i gD , whi ch may be of limited therapeutic utility. 
Thus, there is a need for heterologous immunoglobulin 
transgenes and transgenic animals that are capable of 
switching from an isotype needed for B cell development to an 
isotype that has a desired characteristic for therapeutic use 

Based on the foregoing, it is clear that a need 
exists for methods of efficiently producing heterologous 
antibodies, e.g. antibodies encoded by genetic sequences of a 
first species that are produced in a second species. More 
particularly, there is a need in the art for heterologous 
immunoglobulin transgenes and transgenic animals that are 
capable of undergoing functional V-D-J gene rearrangement that 
incorporates all or a portion of a D gene segment which 
contributes to recombinational diversity. Further, there is a 

support T tranS9eneS and transgenic animals that can 
support V-D-J recombination and isotype switching so that (i, 
functional B cell development may occur, and (2) 
therapeutically useful heterologous antibodies may be 
produced. There is also a need for a source of B cells which 
can be used to make hybridomas that produce monoclonal 
antibodies for therapeutic or diagnostic use in the particular 
species for which they are designed. A heterologous 
immunoglobulin transgene capable of functional V-D-J 
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recombination and/or capable of isotype switching could 

fulfill these needs. 

In accordance with the foregoing object transgenic 
nonhuman animals are provided which are capable of producing a 
5 heterologous antibody, such as a human antibody. 

Further, it is an object to provide B-cells from 
such transgenic animals which are capable of expressing 
heterologous antibodies wherein such B-cells are immortalized 
to provide a source of a monoclonal antibody specific for a 

10 particular antigen. 

In accordance with this foregoing object, it is a 
further object of the invention to provide hybridoma cells 
that are capable of producing such heterologous monoclonal 
antibodies . 

15 still further, it is an object herein to provide 

heterologous prearranged and rearranged immunoglobulin heavy 
and light chain transgenes useful for producing the 
aforementioned non-human transgenic animals. 

Still further, it is an object herein to provide 

20 methods to disrupt endogenous immunoglobulin loci in the 

transgenic animals. 

Still further, it is an object herein to provide 

methods to induce heterologous antibody production in the 

aforementioned transgenic non-human animal. 
25 A further object of the invention is to provide 

methods to generate an immunoglobulin variable region gene 

segment repertoire that is used to construct one or more 

transgenes of the invention. 

The references discussed herein are provided solely 
30 for their disclosure prior to the filing date of the present 

application. Nothing herein is to be construed as an 

admission that the inventors are not entitled to antedate such 

disclosure by virtue of prior invention. 

35 SUMMARY OF THE INVENTION 

Transgenic nonhuman animals are provided which are 
capable of producing a heterologous antibody, such as a human 
antibody. Such heterologous antibodies may be of various 
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isotypes, including: IgGl, IgG2, lgG3, IgG4, IgM, IgAl, IgA2, 
I 9A sec , IgD, of igE. in order for such transgenic nonhuman 
animals to make an immune response, it is necessary for the 
transgenic B cells and pre-B cells to produce surface-bound 
immunoglobulin, particularly of the IgM (or possibly IgD) 
isotype, in order to effectuate B cell development and 
antigen-stimulated maturation. Such expression of an IgM (or 
IgD) surface-bound immunoglobulin is only required during the 
antigen-stimulated maturation phase of B cell development, and 
mature B cells may produce other isotypes, although only a 
single switched isotype may be produced at a time. 

Typically, a cell of the B-cell lineage will produce 
only a single isotype at a time, although cis or trans 
alternative RNA splicing, such as occurs naturally with the n s 
(secreted ^) and n H (membrane-bound n) forms, and the n and S 
immunoglobulin chains, may lead to the contemporaneous 
expression of multiple isotypes by a single cell. Therefore, 
in order to produce heterologous antibodies of multiple 
isotypes, specifically the therapeutically useful IgG, IgA, 
and IgE isotypes, it is necessary that isotype switching 
occur, such isotype switching may be classical class- 
switching or may result from one or more non-classical isotype 
switching mechanisms. 

The invention provides heterologous immunoglobulin 
transgenes and transgenic nonhuman animals harboring such 
transgenes, wherein the transgenic animal is capable of 
producing heterologous antibodies of multiple isotypes by 
undergoing isotype switching. Classical isotype switching 
occurs by recombination events which involve at least one 
switch sequence region in the transgene. Non-classical 
isotype switching may occur by, for example, homologous 
recombination between human and human 2^ sequences (6- 
associated deletion) . Alternative non-classical switching 
mechanisms, such as intertransgene and/ or interchromosomal 
recombination, among others, may occur and effectuate isotype 
switching. Such transgenes and transgenic nonhuman animals 
produce a first immunoglobulin isotype that is necessary for 
antigen-stimulated B cell maturation and can switch to encode 
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and produce one or more subsequent heterologous isotypes that 
have therapeutic and/or diagnostic utility. Transgenic 
nonhuman animals of the invention are thus able to produce, in 
one embodiment, IgG, IgA, and/or IgE antibodies that are 
encoded by human immunoglobulin genetic sequences and which 
also bind specific human antigens with high affinity. 

The invention also encompasses B-cells from such 
transgenic animals that are capable of expressing heterologous 
antibodies of various isotypes, wherein such B-cells are 
immortalized to provide a source of a monoclonal antibody 
specific for a particular antigen. Hybridoma cells that are 
derived from such B-cells can serve as one source of such 
heterologous monoclonal antibodies. 

The invention provides heterologous unrearranged and 
rearranged immunoglobulin heavy and light chain transgenes 
capable of undergoing isotype switching in vivo in the 
aforementioned non-human transgenic animals or in explanted 
lymphocytes of the B-cell lineage from such transgenic 
animals. Such isotype switching may occur spontaneously or be 
induced by treatment of the transgenic animal or explanted B- 
lineage lymphocytes with agents that promote isotype 
switching, such as T-cell-derived lymphokines (e.g., IL-4 and 

IFN y) . 

Still further, the invention includes methods to 
induce heterologous antibody production in the aforementioned 
transgenic non-human animal, wherein such antibodies may be of 
various isotypes. These methods include producing an antigen- 
stimulated immune response in a transgenic nonhuman animal for 
the generation of heterologous antibodies, particularly 
heterologous antibodies of a switched isotype (i.e., IgG, IgA, 
and IgE) . 

This invention provides methods whereby the 
transgene contains sequences that effectuate isotype 
switching, so that the heterologous immunoglobulins produced 
35 in the transgenic animal and monoclonal antibody clones 
derived from the B-cells of said animal may be of various 
isotypes . 
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This invention further provides methods that 
facilitate isotype switching of the transgene, so that 
switching between particular isotypes may occur at much higher 
or lower frequencies or in different temporal orders than 
5 typically occurs in germline immunoglobulin loci. Switch 
regions may be grafted from various C H genes and ligated to 
other C H genes in a transgene construct; such grafted switch 
sequences will typically function independently of the 
associated C H gene so that switching in the transgene 
10 construct will typically be a function of the origin of the 
associated switch regions. Alternatively, or in combination 
with switch sequences, ^-associated deletion sequences may be 
linked to various C H genes to effect non-classical switching 
by deletion of sequences between two ^-associated deletion 
15 sequences. Thus, a transgene may be constructed so that a 
particular C H gene is linked to a different switch sequence 
and thereby is switched to more frequently than occurs when 
the naturally associated switch region is used. 

This invention also provides methods to determine 
20 whether isotype switching of transgene sequences has occurred 
in a transgenic animal containing an immunoglobulin transgene. 

The invention provides immunoglobulin transgene 
constructs and methods for producing immunoglobulin transgene 
constructs, some of which contain a subset of "germline 
25 immunoglobulin loci sequences (which may include deletions) . 
The invention includes a specific method for facilitated 
cloning and construction of immunoglobulin transgenes, 
involving a vector that employs unique Xhol and Sail 
restriction sites flanked by two unique NotI sites. This 
30 method exploits the complementary termini of Xhol and Sail 

restrictions sites and is useful for creating large constructs 
by ordered concatemerization of restriction fragments in a 
vector. 

The transgenes of the invention include a heavy 
35 chain transgene comprising DNA encoding at least one variable 
gene segment, one diversity gene segment, one joining gene 
segment and one constant region gene segment. The 
immunoglobulin light chain transgene comprises DNA encoding at 
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least one variable gene segment, one joining gene segment and 
one constant region gene segment. The gene segments encoding 
the light and heavy chain gene segments are heterologous to 
the transgenic non-human animal in that they are derived from, 
or correspond to, DNA encoding immunoglobulin heavy and light 
chain gene segments from a species not consisting of the 
transgenic non-human animal. In one aspect of the invention, 
the transgene is constructed such that the individual gene 
segments are unrearranged, i.e., not rearranged so as to 
encode a functional immunoglobulin light or heavy chain. Such 
unrearranged transgenes permit recombination of the gene 
segments (functional rearrangement) and expression of the 
resultant rearranged immunoglobulin heavy and/or light chains 
within the transgenic non-human animal wherv.said animal is 

15 exposed to antigen. 

In one aspect of the invention, heterologous heavy 
and light immunoglobulin transgenes comprise relatively large 
fragments of unrearranged heterologous DNA. Such fragments 
typically comprise a substantial portion of the C, J (and in 
the case of heavy chain, D) segments from a heterologous 
immunoglobulin locus. In addition, such fragments also 
comprise a substantial portion of the variable gene segments. 

In one embodiment, such transgene constructs 
comprise regulatory sequences, e.g. promoters, enhancers, 
class switch regions, recombination signals and the like, 
corresponding to sequences derived from the heterologous DNA. 
Alternatively, such regulatory sequences may be incorporated 
into the transgene from the same or a related species of the 
non-human animal used in the invention. For example, human 
immunoglobulin gene segments may be combined in a transgene 
with a rodent immunoglobulin enhancer sequence for use in a 

transgenic mouse. 

In a method of the invention, a transgenic non-human 

animal containing germline unrearranged light and heavy 
35 immunoglobulin transgenes - that undergo VDJ joining during 
D-cell differentiation - is contacted with an antigen to 
induce production of a heterologous antibody in a secondary 
repertoire B-cell. 
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Also included in the invention are vectors and 
methods to disrupt the endogenous immunoglobulin loci in the 
non-human animal to be used in the invention. Such vectors 
and methods utilize a transgene, preferably positive-negative 
5 selection vector, which is constructed such that it targets 
the functional disruption of a class of gene segments encoding 
a heavy and/ or light immunoglobulin chain endogenous to the 
non-human animal used in the invention. Such endogenous gene 
segments include diversity, joining and constant region gene 
10 segments. In this aspect of the invention, the 

positive-negative selection vector is contacted with at least 
one embryonic stem cell of a non-human animal after which 
cells are selected wherein the positive-negative selection 
vector has integrated into the genome of the^ non-human animal 
15 by way of homologous recombination. After transplantation, 
the resultant transgenic non-human animal is substantially 
incapable of mounting an immunoglobulin-mediated immune 
response as a result of homologous integration of the vector 
into chromosomal DNA. Such immune deficient non-human animals 
20 may thereafter be used for study of immune deficiencies or 

used as the recipient of heterologous immunoglobulin heavy and 
light chain transgenes. 

The invention also provides vectors, methods, and 
compositions useful for suppressing the expression of one or 
25 more species of immunoglobulin chain (s), without disrupting an 
endogenous immunoglobulin locus. Such methods are useful for 
suppressing expression of one or more endogenous 
immunoglobulin chains while permitting the expression of one 
or more transgene-encoded immunoglobulin chains. Unlike 
30 genetic disruption of an endogenous immunoglobulin chain 

locus, suppression of immunoglobulin chain expression does not 
require the time-consuming breeding that is needed to 
establish transgenic animals homozygous for a disrupted 
endogenous Ig locus. An additional advantage of suppression 
35 as compared to engognous Ig gene disruption is that, in 

certain embodiments, chain suppression is reversible within an 
individual animal. For example, Ig chain suppression may be 
accomplished with: (1) transgenes encoding and expressing 
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antisense RNA that specifically hybridizes to an endogenous Ig 
chain gene sequence, (2) antisense oligonucleotides that 
specifically hybridize to an endogenous Ig chain gene 
sequence, and (3) immunoglobulins that bind specifically to an 
5 endogenous Ig chain polypeptide. . 

The invention provides transgenic non-human animals 
comprising: a homozygous pair of functionally disrupted 
endogenous heavy chain alleles, a homozygous pair of 
functionally disrupted endogenous light chain alleles, at 

10 least one copy of a heterologous immunoglobulin heavy chain 
transgene, and at least one copy of a heterologous 
immunoglobulin heavy chain transgene, wherein said animal 
makes an antibody response following immunization with an 
antigen, such as a human antigen (e.g., CD4) . The invention 

15 also provides such a transgenic non-human animal wherein said 
functionally disrupted endogenous heavy chain allele is a J H 
region homologous recombination knockout, said functionally 
disrupted endogenous light chain allele is a J K region 
homologous recombination knockout, said heterologous 

20 immunoglobulin heavy chain transgene is the HC1 or HC2 human 
minigene transgene, said heterologous light chain transgene 
is the KC2 or KCle human k transgene, and wherein said antigen 

is a human antigen. 

The invention also provides various embodiments for 

25 suppressing, ablating, and/ or functionally disrupting the 
endogenous nonhuman immunoglobulin loci. 

The invention also provides transgenic mice 
expressing both human sequence heavy chains and chimeric heavy 
chains comprising a human sequence heavy chain variable region 

30 and a murine sequence heavy chain constant region. Such 
chimeric heavy chains are generally produced by trans- 
switching between a functionally rearranged human transgene 
and an endogenous murine heavy chain constant region (e.g., 
71, 72a, 72b, 73). Antibodies comprising such chimeric heavy 

35 chains, typically in combination with a transgene-encoded 
human sequence light chain or endogenous murine light chain, 
are formed in response to immunization with a predetermined 
antigen. The transgenic mice of these embodiments can 
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comprise B cells which produce (express) a human sequence 
heavy chain at a first timepoint and trans-switch to produce 
(express) a chimeric heavy chain composed of a human variable 
region and a murine constant region (e.g., yl , y2a , y2b , y3) 
5 at a second (subsequent) timepoint; such human sequence and 
chimeric heavy chains are incorporated into functional 
antibodies with light chains; such antibodies are present in 
the serum of such transgenic mice. Thus, to restate: the 
transgenic mice of these embodiments can comprise B cells 
10 which express a human sequence heavy chain and subsequently 
switch (via trans-switching or cis-switching) to express a 
chimeric or isotype-switched heavy chain composed of a human 
variable region and a alternative constant region (e.g 
murxne 7 i, y2a , y2h , y3 . human ^ ^ £) . ^ ^ 

and chimeric or isotype-switched heavy chains are incorporated 
into functional antibodies with light chains (human or mouse) • 
such antibodies are present in the serum of such transgenic 
mice. 



20 for <-h • I ref6rences ««cu««l herein are provided solely 
f»! I" dlSClOSUre Pri ° r *> the fil-g date of the present 
application. Nothing herein is to be construed as an 
admission that the inventors are not entitled to antedate such 
disclosure by virtue of prior invention. 

25 BRIEF DESCRIPTION OF. THE FIGURES 

Fig. l depicts the complementarity determining 
regions CDR1, CDR2 and CDR3 and framework regions FRl FR2 
FR3 and FR4 in unrearranged genomic DNA and mRNA expressed' 
from a rearranged immunoglobulin heavy chain gene, 
30 Fig ' 2 ^picts the human X chain locus, ' 

Fig. 3 depicts the human k chain locus, 
Fig. 4 depicts the human heavy chain locus, 
Fig. 5 depicts a transgene construct containing a 

35 hTTT T ^ Ugated t0 3 " kb fragment that c ^ains 
human 7 3 and 7 1 constant regions followed by a 700 bp fragment 

containing the rat chain 3« enhancer sequence. 
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Fig. 6 is a restriction map of the human k chain 
locus depicting the fragments to be used to form a light chain 
transgene by way of in vivo homologous recombination. 
Fig. 7 depicts the construction of pGPl. 
5 Fig. 8 depicts the construction of the polylinker 

contained in pGPl. 

Fig. 9 depicts the fragments used to construct a 
human heavy chain transgene of the invention. 

Fig. 10 depicts the construction of pHIGl and pCONl. 
10 pig. 11 depicts the human C 7 1 fragments which are 

inserted into pRE3 (rat enhancer 3 • ) to form pREG2. 

Fig. 12 depicts the construction of pHIG3 • and PCON. 
Fig. 13 depicts the fragment containing human D 
region segments used in construction of the transgenes of the 
15 invention. 

Fig. 14 depicts the construction of pHIG2 (D segment 

containing plasmid) . 

Fig. 15 depicts the fragments covering the human Jk 
and human C* gene segments used in constructing a transgene of 

20 the invention. 

Fig. 16 depicts the structure of pE/x. 
Fig. 17 depicts the construction of pKapH. 
Figs. 18A through 18D depict the construction of a 
positive-negative selection vector for functionally disrupting 
25 the endogenous heavy chain immunoglobulin locus of mouse. 

Figs. 19A through 19C depict the construction of a 
positive-negative selection vector for functionally disrupting 
the endogenous immunoglobulin light chain loci in mouse. 

Figs. 20A through 20E depict the structure of a 
30 kappa light chain targeting vector. 

Figs. 21A through 2 IF depict the structure of a 
mouse heavy chain targeting vector. 

Fig. 22 depicts the map of vector pGPe. 
Fig. 23 depicts the structure of vector pJM2. 
35 pig. 24 depicts the structure of vector pCORl. 

Fig. 25 depicts the transgene constructs for pIGMl, 

pHCl and pHC2. 

Fig. 26 depicts the structure of P7e2. 
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Fig. 27 depicts the structure of pVGEl 

_ . Fig ' 28 depicts the «»«ay results of human Ig 
expression m a P HC1 transgenic mouse. 

Pig. 29 depicts the structure of pJCKl. 
5 Fig. 30 depicts the construction of a synthetic 

heavy chain variable region. 

cha ^ • -f 9 ' 31 " 3 SChematic "presentation of the heavy 
chain mmilocus constructs pi GMl , p H ci, and p H C2. 

10 chain • F , i9 ' ^ ^ 3 SCheinatic "presentation of the heavy 
chaxn mmilocus construct pi GG1 and the , Ught chain ^ 

mmilocus construct pKCl, pKV el, and P KC2. 

rearrana./v \V * t0 reconst ™* functionally 

rearranged light chain genes. 

Fig. 34 depicts serum ELISA results 

serum f Fi9 ' 35 d6picts the res ^ts of an ELISA assay of 
serum from 8 transgenic mice. 

PBCE1. Fi9 * 36 ^ 3 SCheMatic "Presentation of plasmid 
) 0 tran . Fi9S * 37A ' 37C de P*<* the immune response of 

TZ2z c z ce r the present inventi ° n „, by 

measuring i gG and IgM leyels spec . f . c Y 
(37B) and BSA-DNP (3 7C ) . *** 

i. • « J 19 * 38 Sh ° WS ELISA data demonstrating the presence 
of antibodies that bind human carcinoembryonic antigen (CEA) 

^T^-^ * chains; each panei *~ 

serial dilutions from pooled serum samples obtained from mice 
on the indicated day following immunization. 

or / ig ' 39 Sh ° WS ELISA data de ^strating the presence 

> 1 ctnr ^ ^ ^nic antigen (CEA 

seri al T; S :. hUman 7 ChainS/ 6aCh Panel Sh ° WS 

on the . ' PO ° led S - Ples ° btai - d *"m -lo- 

on the indicated day following immunization. 

23 random " ^ ali9nGd Variable re * ion fences of 

23 randomly-chosen cDNAs generated from mRNA obtained from 
lymphoid tissue of HC1 tr a n«««^ ■ • 

earcinoa-h^ ■ tra ^genic mice immunized with human 

tran" ^ C ™*™« to the germline 

transgene sequence (top line) • on M „v, t • 

relative <-« , • ' llne nucle otide changes 

relative to germline sequence are shown above the alteration^ 
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in deduced amino acid sequence (if any); the regions 
corresponding to heavy chain CDR1, CDR2, and CDR3 are 
indicated. Non-germline encoded nucleotides are shown in. 
capital letters. Germline V H 251 and J H are shown in lower case 
letters. Deduced amino acid changes are given beneath 
nucleotide sequences using the conventional single-letter 
notation. 

Fig. 41 show the nucleotide sequence of a human DNA 
fragment, designated vk65.3, containing a V K gene segment; the 
deduced amino acid sequences of the V K coding regions are also 
shown; splicing and recombination signal sequences 
(heptamer/nonamer) are shown boxed. 

Fig. 42 show the nucleotide sequence of a human DNA 
fragment, designated vk65.5, containing a V K gene segment; the 
deduced amino acid sequences of the v K coding regions are also 
shown; splicing and recombination signal sequences 
(heptamer/nonamer) are shown boxed. 

Fig. 43 show the nucleotide sequence of a human DNA 
fragment, designated vk65.8, containing a V K gene segment; the 
deduced amino acid sequences of the V K coding regions are also 
shown; splicing and recombination signal sequences 
(heptamer/nonamer) are shown boxed. 

Fig. 44 show the nucleotide sequence of a human DNA 
fragment, designated vk65.15, containing a V K gerie segment; 
the deduced amino acid sequences of the V K coding regions are 
also shown; splicing and recombination signal sequences 
(heptamer/nonamer) are shown boxed. 

Fig. 45 shows formation of a light chain minilocus 
by homologous recombination between two overlapping fragments 
which were co-injected. 

Fig. 46 shows ELISA results for monoclonal 
antibodies reactive with CEA and non-CEA antigens showing the 
specificity of antigen binding. 

Fig. 47 shows the DNA sequences of 10 cDNAs 
amplified by PCR to amplify transcripts having a human VDJ and 
a murine constant region sequence. 

Fig. 48 shows ELISA results for various dilutions of 
serum obtained from mice bearing both a human heavy chain 
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minilocus transgene and a human k mini locus transgene; the 
mouse was immunized with human CD4 and the data shown 
represents antibodies reactive with human CD4 and possessing 
human k, human /i, or human 7 epitopes, respectively. 

Fig. 49 shows relative distribution of lymphocytes 
staining for human /i or mouse /i as determined by FACS for 
three mouse genotypes. 

Fig. 50 shows relative distribution of lymphocytes 
staining for human k or mouse k as determined by FACS for 
three mouse genotypes* 

Fig. 51 shows relative distribution of lymphocytes 
staining for mouse X as determined by FACS for three mouse 
genotypes . 

Fig. 52 shows relative distribution of lymphocytes 
staining for mouse X or human k as determined by FACS for four 
mouse genotypes. 

Fig. 53 shows the amounts of human /z, human 7, human 
k, mouse fi, mouse 7, mouse k, and mouse X chains in the serum 
of unimmunized 0011 mice. 

Fig. 54 shows a scatter plot showing the amounts of 
human (i, human 7, human k, mouse /x, mouse 7, mouse k, and 
mouse X chains in the serum of unimmunized 0011 mice of 
various genotypes. 

Fig. 55 shows the titres of antibodies comprising 
human fi, human 7, or human k chains in anti-CD4 antibodies in 
the serum taken at three weeks or seven weeks post- 
immunization following immunization of a 0011 mouse with human 
CD4. 

Fig. 56 shows a schematic representation of the 
human heavy chain minilocus transgenes pHCl and pHC2, and the 
light chain minilocus transgenes pKCl, pKCle, and the light 
chain minilocus transgene created by homologous recombination 
between pKC2 and Co4 at the site indicated. 

Fig. 57 shows a linkage map of the murine lambda 
light chain locus as taken from Storb et al. (1989) op.cit. : 
the stippled boxes represent a pseudogene. 
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Fig. 58 shows a schematic representation .of 
inactivation of the murine X locus by homologous gene 
targeting. 

Fig. 59 schematically shows the structure of a 
homologous recombination targeting transgene for deleting 
genes, such as heavy chain constant region genes. 

Fig. 60 shows a map of the BALB/c murine heavy chain 
locus as taken from Twr"'"1 1 " h111 Genes, Honjo, T, Alt, FW, 
and Rabbits TH (eds.) Academic Press, NY (1989) p. 129. 
Structural genes are shown by closed boxes in the top line; 
second and third lines show restriction sites with symbols 
indicated. 

Fig. 61 shows a nucleotide sequence of mouse heavy 
chain locus a constant region gene. 

Fig. 62 shows the construction of a frameshift 
vector (plasmid B) for introducing a two bp frameshift into 
the murine heavy chain locus J 4 gene. 

Fig. 63 shows isotype specific response of 
transgenic animals during hyper immunization. The relative 
levels of reactive human n and yl are indicated by a 
colorimetric ELISA assay (y-axis) . We immunized three 7-10 
week old male HC1 line 57 transgenic animals (#1991, #2356, 
#2357), in a homozygous JHD background, by intraperitoneal 
injections of CEA in Freund's adjuvant. The figure depicts 
binding of 250 fold dilutions of pooled serum (collected prior 
to each injection) to CEA coated microtiter wells. 

Fig. 64A and 64B show expression of transgene 
encoded 7 1 isotype mediated by class switch recombination. 
The genomic structure of integrated transgenes in two 
different human yl expressing hybridomas is consistent with 
recombination between the y. and yl switch regions. Fig. 64A 
shows a Southern blot of Pacl/Sfil digested DNA isolated from 
three transgene expressing hybridomas. From left to right: 
clone 92-09A-5H1-5, human 7 1 + /M"; clone 92-90A-4G2-2 , human 
35 7l + /M"; clone 92-09A-4F7-A5-2 , human yl ,H + . All three 
hybridomas are derived from a 7 month old male mouse 
hemizygous for the HC1-57 integration, and homozygous for the 
JHD disruption (mouse #1991) . The blot is hybridized with a 
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probe derived from a 2.3 kb Bgln/sfil DNA fragment spanning 
the 3- half of the human yi switch region. No switch product 
is found in the fi expressing hybridoma, while the two yl 
expressing hybridomas, 92-09A-5H1-5 and 92-09A-4G2-2, contain 
5 switch products resulting in Pacl/Sfil fragments of 5.1 and 
5.3 kb respectively, Fig. 64B is a diagram of two possible 
deletional mechanisms by which a class switch from u to yl can 
occur. The human n gene is flanked by 400 bp direct repeats 
{an and r M ) which can recombine to delete n. class switching 
10 by this mechanism will always generate a 6.4 kb Pacl/Sfil 

fragment, while class switching by recombination between the /i 
and the yl switch regions will generate a Pacl/Sfil fragment 
between 4 and 7 kb, with size variation between individual 
switch events. The two yl expressing hybrirdomas examined in 
Fig. 64 A appear to have undergone recombination between the n 
and 71 switch regions. 

Fig. 65 shows chimeric human/mouse immunoglobulin 
heavy chains generated by trans-switching. cDNA clones of 
trans-switch products were generated by reverse transcription 
and PCR amplification of a mixture of spleen and lymph node 
RNA isolated from a hyperimmunized HC1 transgenic-JHD mouse 
(#2357; see legend to Fig. 63 for description of animal and 
immunization schedule) . The partial nucleotide sequence of 10 
randomly picked clones is shown. Lower case letters indicate 
germline encoded, capital letters indicate nucleotides that 
cannot be assigned to known germline sequences; these may be 
somatic mutations, N nucleotides, or truncated D segments. 
Both face type indicates mouse 7 sequences. 

Figs. 66A and 66B show that the rearranged VH251 
transgene undergoes somatic mutation in a hyperimmunized. The 
partial nucleotide sequence of IgG heavy chain variable region 
cDNA clones from CHI line 26 mice exhibiting Fig. 66A primary 
and Fig. 66B secondary responses to antigen. Germline 
sequence is shown at the top; nucleotide changes from germline 
are given for each clone. A period indicates identity with 
germline sequence, capital letters indicate no identified 
germline origin. The sequences are grouped according to J 
segment usage. The germline sequence of each of the J 



20 



PCT/US94/04580 

WO 94/25585 



19 



segments if shown, ^wer case letters within OH, seances 
indicate identity to known D segment included in the HC1 
transgene. The assigned D segments are indicated at the end 
of each seguence. Unassigned sequences could he 
5 H region addition or sortie station; or in some cases they 
are simply too short to distinguish random > nucleotides from 
Lwn o segments. Fig. 66A primary response: 13 random y 
picked VH251-.1 cDNA clones. A 4 week °" ^ 
26-OHD mouse <«599, was given a single injection * "» 
0 complete Freunds adjuvant; spleen cell RNA was isolated 5 days 
la ter. The overall frequency of somatic mutations within the 
V segment is 0.06% ,2/3,1.3 hp,. Fig. 66B secondary response; 
1, randoms picked VH251-.1 cDNA clones. A 2 month old female 
HC1 line 26-JHD mouse (#3204) was given 3 injections of HEL 
L5 and Freunds adjuvant over one month (a primary injection with 
complete adjuvant and boosts with incomplete at one week and 3 
weeks) ; spleen and lymph node EKA was isolated 4 months later. 
The overall frequency of somatic mutations within the V 
segment is 1.6% (52/3,198 bp). 

Fi ,s. 67A and 67B show that extensive somatic 
mutation is confined to 7 ! sequences: somatic mutation and 
class switching occur within the same population of B cells. 
Partial nucleotide sequence of VH251 cDHA clones isolated from 
spleen and lymph node cells of HC1 line 57 transgenic-^ 
25 mouse (#2357) hyperimmunized against CEA (see Fig. 63 for 
immunization schedule,. Fig. 67A: I*. 23 randomly picked 
VH251-M CDHA clones. Nucleotide sequence of 156 bp segment 
including CDRs 1 and 2 surrounding residues. The overall 
level of somatic mutation is 0.1% (5/3,744 bp,. Fig 67B: IgG. 
30 23 randomly picked 78251^1 cDHA clones. Nucleotide sequence 
of segment including CDRs 1 through 3 and surrounding 
residues. The overall frequency of somatic mutation within 
the V segment is 1.1% (65/5,658 bp). For comparison with the 
„ sequences in Fig. 67A: the mutation frequency for first 
35 156 nucleotides is 1.1% (41/3,588 bp). See legend to 
Figs. 66A and 66B for explanation of symbols. 

Fig. 68 indicates that VH51P1 and VH56P1 show 
extensive somatic mutation of in an unimmunized mouse. 
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partial nucleotide sequence of r n n », . 

cDNA clones from . , „ e e k o^ Variable re9i ° n 

2550 ■ ' unll » u "i«d female HC2 line 

=550 transgenxc-JHD mouse (#5250) . The 6 

somatxc station with the « VH56pl segments is 2 2 > 
within the smgle VH5lpi segment is 2.0% f 5 / 2 4 6 h»i c 

- 9 e B a to F1 , s . 66A and 66B for ^izzr^r 

Fig. 69. Double transgenic mice with disrupted 
ens related from spleens of 4 mice with different 

«-U«ht ch»i f ^terozygous wild-type mouse heavy and 

he™ cha^ 1 -n-transgenic,. Second column: Zman 

15 HC2 lme 2550 +, homozygous for disri™.-.* 

"** -am loci, hemizygous for Z I atgeZ" " 

fi^: ra r n C!vri n tr ~ «^-'« * - 

disrunfrf . ' 1 " e "" 7 +; ^ozygous for 

homozygous J^^'^Z^'J^t 
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axis) and human * light chain (v-avi^ c J 
ce]1 . . ^ ty axis ) • Second row: spleen 

cej.j.s stained for exDre«i nn „^ , f ieen 
k expression of human M heavy chain fx-axisl 

and human K light chain (y-axis) Third ™ , } 

stained for expression J» * ' Spleen Cells 

expression of mouse ju heavy chain fx-axi<o 

mouse K light chain (y-axis) } 



35 



^uorescence: ,-axis; eel ZZ yl^ Z\TT ^ 
two color panels, the relative number " cells i k 
displayed guadrants is given as percent of a ! "* °* 
TT on propidium iodide stainin, STLT 

r ::rr;: each ° f th < — — - 

scatter gate ' ' mmt ° f the Oocyte light 
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Fia 70. Secreted immunoglobulin levels in the 
serum of double transgenic mice. Human „. y, and , ^J™* 
7 and X from 18 individual HC2/KCo4 double transgen. J- 
homozygous for endogenous heavy and .-light chain locu 
5 disruption. Mice: ( + ) HC2 line .2550 < 5 copie of HC2 per 
integration), KCo4 line 4436 (1-2 copies of KCo4 per 

. x upi line 2550, KCo4 line 4437 ( 10 copj.*» w 

integrate); CO) HO line 255 , ^ ( _ b 

KCo4 per integration) ; (x) HC2 line , 
copies of KCo4 per integration,; IP) HC2 line 2 7 (30 50 
10 copies of HC2 per integration. KCo4 line 4437; < ) 

546 (20-30 copies of HC2 per integration, KCo4 line 4437 

Figs 71* and 71. show human antibody responses to 

human antigens. Fig. 711: *™ * Z^T^ 

human soluble C04. levels of human XgM -^"^ 

15 rr ;r;r::re est--, w - - 

serum detected 
human IgG occurs in vivo. Human IgG l^- human IcG used in 
with peroxidase conjugated polyclonal anti-human IgG used i 

L presence of 1.3 — < and 1% flight 

2 „ "rum to inhibit non-specific cross-reactivity^ ^ 

chain (sguares, was detected using ° ^°*>^° ™n 0 rmal 
polyclonal anti-human « reagent in the presence of 
mouse serum. A representative result fro. one mouse <«344 
HC2 line 2550, KCC4 line 4436) is shown. Each point 
25 reUsents an average of duplicate wells minus bacKground 

abS ° rtonCe pig . 72 shows FACS analysis of human PH. with a 
hybridoma supernatant that discriminates human CD4 + 
n™„v.ncvtes from human CD8+ lymphocytes. 
30 ,3 shows human e-CD4 I,M anf IgG in transgenic 

mouse serum • . _~.~4.4H 

Fig. 74 shows competition binding experiments 
comparing a transgenic mouse a-human CD4 hybridoma monoclonal, 
2C11-8 to the RPA-TA and Leu-3 A monoclonals . 
35 Fig. 75 shows production data for ig expressxon of 

cultured 2C11-8 hybridoma. 

Table 1 depicts the sequence of vector pGPe. 
Table 2 depicts the sequence of gene V H 49.8. 
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Table 4 depicts sequences of VDJ joints 
Table 5 depicts the distribution cf J segments 

incorporated into pHC1 transgene encoded transcript to T 

segments found in adult human peripheral 

io incorporate?^ p^tanT ° f " ~~ 

stents found Z adult hi ""^^ to D 

(PEL) . Peripheral blood lymphocytes 

transcri P ts Ta "t e h 7 i„ de fr CtS f Un9th ° f ^ ^ ^ tid - 
» mouse and L huln raL ^ ^ *" "* 

used in the^iLT 5 t ™ niC ° f "> «»* 

of the re SP ec\tir n zr;::r;^ r cates tte pr ~ 

>— «~ for the JbD LiJTt^T " ^ ani " al ^ 

Tab"' u si 0 " ^ 9en ° tyPeS ° £ ~~ 1 0011 
Table 12 h anS9ene V "* J —9-. 
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DETAILED DESCRIPTION 
As has been discussed supra it i. ^ • t , 
produce human immunoglobulins that It'. " . deSlrable to 
r n antigens that Ire ^ ZlZTJlZ ^ 

fLT Z n antigSnS is P^lematic. 

source of I 2^ ^ S6rVes as the 

ource of B cells must make an immune response aaain**- «, 

~ rri In order for an — 1 - - r:: : e 

nse, the anUgen presented must be foreign and the animal 
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must not be tolerant to the antigen. Thus, for example, if it 
" desired to produce a human monoclonal antiboa^wi „ 
iaiotype that binas to a human protein, self-tolerance will 
„revenl an immunize* human from maKln, a substantial immune 
5 response to the human protein, since the only ■ epitopes of the 
nSgen that may be immunogenic will be those that resuit from 
polymorphism of the protein within the human populate 

^^i;^^ animal that serves as the source of 
„ B-cells for forming a hybridoma human in the illustrate 
given example, does make an immune response against an ^ 
authentic self antigen, a severe autoimmune disease may result 
in the animal, where humans would be used as a source of 
cells for a hybridoma, such autoimmunization..would be 
!5 considered unethical by contemporary standards. Thus, 
developing hybridomas secreting human immunoglobulin 
"Ilnss^ciflcaUy reactive with predetermined 
is problematic, since a reliable source of human «*ibody 
secreting B cells that can evoKe an antibody response against 
20 preaeterminea human antigens is neeaea. 

one methoaology that can be used to obtain human 
antibodies that are specifically reactive with human antigens 
is the production of a transgenic mouse harboring the human 
immunoglobulin transgene constructs of this 
25 Briefly, transgenes containing all or portions of the human 
immunoglobulin heavy and light chain loci, or transgenes 
containing synthetic "miniloci" (described infra and in 
copending applications U.S.S.H. 07/990.860, i ed 16 December 
X992, H.S.S.N. 07/810,279 filed !7 December 1991, D - S £V 
30 07/904.068 filed 23 June 1992; U.S.S.N. 07/853.40 filed 18 
„ h II S S N. 07/574,748 filed August 29, 1990, 

7. 8 » 07/57 : « filld August 31, 1990, and PCT/US91/06185 
fi e 'Lgusl 2B 199!, each incorporated herein by reference, 
which comprise essential functional elements of the human 
35 heavy and light chain loci, are employed to produce a 

transgenic nonhuman animal. Such a transgenic nonhuman animal 
will have the capacity to produce immunog lobulin ^ains ^hat 
are encoded by human immunoglobulin genes, and additionally 
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will be capable of making an immune response against human 
antigens. Thus, such transgenic animals can serve as a source 
of immune sera reactive with specified human antigens, and B- 
cells from such transgenic animals can be fused with myeloma 
cells to produce hybridomas that secrete monoclonal antibodies 
that are encoded by human immunoglobulin genes and which are 
specifically reactive with human antigens. 

The production of transgenic mice containing various 
forms of immunoglobulin genes has been reported previously. 
Rearranged mouse immunoglobulin heavy or light chain genes 
have been used to produce transgenic mice, m addition, 
functionally rearranged human Ig genes including the \i or 7 l 
constant region have been expressed in transgenic mice. 
However, experiments i n which the transgene" comprises 
prearranged (v-D-J or V-j not rearranged) immunoglobulin 
genes have been variable, in some cases, producing incomplete 
or minimal rearrangement of the transgene. However, there are 
no published examples of either rearranged or unrearranged 
immunoglobulin transgenes which undergo successful isotype 
switching between C H genes within a transgene. 

The invention also provides a method for identifying 
candidate hybridomas which secrete a monoclonal antibody 
comprising a human immunoglobulin chain consisting essentially 
of a human VDJ sequence in polypeptide linkage to a human 
25 constant region sequence. Such candidate hybridomas are 
identified from a pool of hybridoma clones comprising: (1) 
hybridoma clones that express immunoglobulin chains consisting 
essentially of a human VDJ region and a human constant region 
and (2) trans-switched hybridomas that express heterohybrid 
30 immunoglobulin chains consisting essentially of a human VDJ 
region and a murine constant region. The supernatant (s) of 
individual or pooled hybridoma clones is contacted with a 
predetermined antigen, typically an antigen which is 
immobilized by adsoption onto a solid substrate (e.g. a 
>5 microtitre well),, under binding conditions to select 
antibodies having the predetermined antigen binding 
specificity. An antibody that specifically binds to human 
constant regions is also contacted with the hybridoma 
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so that the antibody selectively Unas to at least 
constant region epitope but substantially does not bind to 
murine constant region epitopes; thus f™~£-«-^ 

iv of hvbridoma supernatant (transgenic 
5 consisting essentially of nycri r arii ., aen and to 

-<vw« v i bound to a predetermined antigen ana to 
monoclonal antibody) eouna y ■ 

In antibody that specifically binds 
(a „d which may be labeled with a detectable 
reporter) . Detection ot the formation of such complexes 
10 locates hybridoma clones or pools which express a human 
immunoglobulin chain. 

usea herein , t he term "antibody refers to a 
„ g lycoprotein comprising at least two light ^^f^ 
and two heavy polypeptide chains £Li y ^ 

polypeptide chains conta. ns a ^"»^« 

, liaht polypeptide chains also comprises a 
20 of the heavy and light poiypey m . 11v the 

^ the tjolvpeptide chains (generally the 

constant region of the poxypep hindina of 

• -i „ ft winni which may mediate the binding 
carboxyl terminal portion) wniui «. 3 ,„ Air% „ 
car y . . nc + 4- 4sS ues or factors including 

the immunoglobulin to host tissues or cells and 

no of the immune system, some phagocytic ceixs 
various cells of the imm y classical coaple ment system. 
25 the first component (Ciq) of the c antibody „ is defined 

As used herein, a -heterologous antibody is 
in relation to the transgenic non-human organism producing 
m relation x defin ed as an antibody having an 

such an antibody. J^J^L « sequence corresponding 
amino acid sequence or an encoding transgenic 
30 to that found in an organism not consisting of 

non-human animal, and generally from a species other than th 
of the transgenic non-human animal. 

As used herein, a "heterohybrid antibody refers 

Jvy Chain associated with a murine light chain » a 
heterohybrid antibody. 
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As used herein, "isotype" refers to the antibody 
class (e.g., IgM or IgGi) that . s encQded 

constant region genes. 

As used herein, "isotype switching" refers to the 
Phenomenon by which the class, or isotype, of an antibody 
changes fro* one ig class to one of the other Ig classes. 

As used herein, "nonswitched isotype" refers to the 
llZlll T S ° f ^ Chai " that iS ~ ed wh - - i«*YP. 

swxtchxng has taken place; the c H gene encoding the 
10 nonswitched isotype is tvDicallv - „ 

downstr***, o I typically the first C H gene immediately 
downstream from the functionally rearranged VDJ gene 

those dna ^ hGrein ' term " SWitch -Wo." refers to 

those DNA sequences responsible for switch recombination, a 

LL; } of the construct region to 

durxng the.swxtch recombination. The "switch acceptor" region 

rlllT^T^ T C ° nStrUCt t0 be « the 

replacement constant region (e.g., 7 , e , etc . , . As there 

no specific site where recombination always occurs the f i^l 

20 -psr wm typicaiiy not be - 

as ». *f here1 "' "^^yl'tion pattern" is defined 

att a le d Pa t ttern ° f ° arb ° hydr " e «-t are covalently 

25 nrnt !° ' Pr ° tein ' ^"-"T to an ircnunoglobulin 

can b „ 9lyC ° SyUtl0n patt «" « - heterologous antibody 
can be charactered as being substantially similar to 
glycosylate patterns which occur naturally on antibodies 

30 glycosylate pattern of the heterologous antibody as being 
of ^rT t0 ^ ° f in L spec es 

which the c„ genes of the transgene were derived. 

!5 n. ^ " Sed herei "' " Specific binding" refers to the 

ant? y ° f anMb0dY: (1) tD Mnd to a P^aetennined 
preferent^ly bind to the predetermined antigen with an 
affinxty that is at least two-fold greater than its affinity 
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£ or binding to a non-specific antigen (..,. , casein, 
other than the predetermined antigen or a closely relate 

antl9en ' The term "naturaUy-occurring" as used herein as 

in naturally-occurring. 

The ten. "rearranged" as used herein refers to a 

configuration of a heavy chain or light 
Xocus wherein a V segment is positioned immediatel 
t „ a or J segment in a conformation encoding essentially 
„ complete V B or V, domain, respect ively ^7^^ to 
immunoglobulin gene locus can be identified by c p 
germline DNA; a rearranged locus will have at least one 
recombined heptamer/nonamer homology element. 

•the term "unrearranged" or "germline configuration 
20 as used herein in reference to a V segment refers . to the 

configuration wherein the V segment is not recombined so as 
be immediately adjacent to a D or J segment. . 

For nucleic acids, the term "substantial homology 
indicates that two nucleic acids, or designated ^e-es 
2 5 thereof, when optimally aligned and 

with appropriate nudeotide ^^T^ bo^ ,0* 
least about 80% of the nucleotides, usually at i 
to 95% and more preferably at least about 96 to 99.5% of the 
' nuclides. Alternatively, substantial homology exists when 
30 Z segments will hybridize under selective 

conditions, to the complement of the strand. The nucleic 
acids may be present in whole cells, in a cell lysate °r i 
partially purified or substantially pure form. A nucleic ac 
Is "isolated" or "rendered substantially pure" when purified 
35 way rom other oeUular components or other -t-inants. 
e o other cellular nucleic acids or proteins, by standard 
rechnigues, including aiKaline/SDS treatment, CsCl banding 
column chromatography, agarose gel electrophoresis and others 
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well known in the art q,*« ~ 

Greene PubUshing a „a WUey . 

5 invention,"^ C ™ ti0 " S ° f «» ~t 

..odifiea restr\ c J 3 n " iVe Se ~ C«on* for 

ea res traction sites and the * 

«c or mitres be ^ ™ ««~ <~». 

=tan dard technlques tQ provlde ~ n with 

to p or d :;;::; « — rr ially 

-itches ana other such seances aescribla he 
conte»p lat ea (where ,. derlved ., ^a^?^* 6 "" »» 
s ^nticai or moaifiea from another se^nl, * * 

«W sequence. L "L ta nce ' *"° tb « 

operably l lnlce a to . " , """""'^ " enhanoer « 

y united to a coding sequence if it a ff.^= +*. 

transcription of the sequence with 
> reguiatory sequences, operably lL ed ^ 

sequences beinq Ul *ed L! ^ * * tat the DHA 

ioin two protein ^ ZZt^Z^' ^ t0 
frame. For switch <=°«tiguous a „a in re a aing 

the seances a r e p a ~;;L r ; bly "T* ^ 

P we of effecting switch recombination. 

responas tT^T * ' that 

-iboay reper^, T^ZTZl^T " heter ° l09 ° US 
i-unoq.obuun transgene's o^^^ • 
animal function correct] v «■>, .. wltn «> the transgenic 
deve l0 p ment In ?Z ° T M **" PathWay ° f »— " 

heterologous hea™^?"^' ""^ « a 

-cora ingl y. t^tr^-^: ~ — e switching, 
so as to produce isotvl Tu lnventl °" are constructed 

—in; (1) hi h s t^™:^; d e one or ; ore of ^ 

W functionai gene rearrangement TJZ°T 
-ponse to all e lic elusion, "4) ZrllsZl 7 " ^ 

v ; expression of a sufficient 
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primary repertoire, (5) signal transduction. (6, 
hypermutation, and (7, domination of the transgene antibody 
locus during the immune response. 

As will be apparent trom the following disclosure, 
not all of the foregoing criteria need be met. For example in 
those embodiments wherein the endogenous immunoglobulin loci 
of the transgenic animal are functionally disrupted, the 
transgene need not activate allelic exclusion. Further, m 
those embodiments wherein the transgene comprise, a 
functionally rearranged heavy and/or light chain 
immunoglobulin gene, the second criteria of functional gene 
rearrangement is unnecessary, at least for that transgene 
which is already rearranged. For background - 
immunology, fflUffl l ffnl WP»l°qt . '^edition (1989)^ 

Paul Billiam E. , ed. Raven Press. «.*.. which is incorporated 

herein by reference. 

!„ one aspect of the invention, transgenic non-human 
animals are provided that contain rearranged, prearranged or 
a combination of rearranged and unrearranged heterologous 
immunoglobulin heavy and light chain transgenes in the 
germline of the transgenic animal. Each of the heavy chain 
transgenes comprises at least one gene. In addition, the 
heavy chain transgene may contain functional isotype switch 
seouences, which are capable of supporting isotype switching 
of a heterologous transgene encoding multiple C„ genes in B- 
cells of the transgenic animal. Such switch sequences may be 
those which occur naturally in the germline immunoglobulin 
locus from the species that serves as the source of the 
transgene C a genes, or such switch sequences may be derived 
, from those which occur in the species that is to receive the 
transgene construct (the transgenic animal). For example, a 
human transgene construct that is used to produce a transgenic 
mouse may produce a higher frequency of * Zze 

events if it incorporates switch sequences similar to those 
> that occur naturally in the mouse heavy chain locus, as 
presumably the mouse switch sequences are optimized to 
function with the mouse switch recombinase enzyme system, 
whereas the human switch sequences are not. Switch sequences 
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made be isolated and cloned by conventional cloning methods 
or may be synthesieed de novo from overlapping synthetic 
oligonucleotides designed on the basis of published sequence 
information relating to immunoglobulin switch region sequences 
5 (Mills et al., pud. Acids Rpq> 18:7305-7316 (1991)- 

Sideras et al., Intl. Immunol . 1:631-642 (1989), which are 
incorporated herein by reference) . 

For each of the foregoing transgenic animals, 
functionally rearranged heterologous heavy and light chain 
immunoglobulin transgenes are found in a significant fraction 
of the B-cells of the transgenic animal (at least 10 percent) 

The transgenes of the invention include a heavy 
chain transgene comprising DNA encoding at least one variable 
gene segment, one diversity gene segment, one joining gene 

segment and at least one constant region gene segment. The 
immunoglobulin light chain transgene comprises DNA encoding at 
least one variable gene segment, one joining gene segment and 
least one constant region gene segment. The gene segments 
encoding the light and heavy chain gene segments are 
heterologous to the transgenic non-human animal in that they 
are derived from, or correspond to, DNA encoding 
immunoglobulin heavy and light chain gene segments from a 
species not consisting of the transgenic non-human animal, m 

tha'tT 0 ' ! f ^ inVenti ° n ' tranSgene AS — tructed such 
that the individual gene segments are unrearranged, i.e., not 
rearranged so as to encode a functional immunoglobulin light 
or heavy chain. Such unrearranged transgenes support 
recombination of the V, D, and J gene segments (functional 
rearrangement) and preferably support incorporation of all or 
a portion of a D region gene segment in the resultant 
rearranged immunoglobulin heavy chain within the transgenic 
non-human animal when exposed to antigen. 

in an alternate embodiment, the transgenes comprise 
an unrearranged "mini-locus". Such transgenes typically 
comprise a substantial portion of the c, D, and J segments as 
well as a subset of the v gene segments, m such transgene 
constructs, the various regulatory sequences, e.g. promoters, 
enhancers, class switch regions, splice-donor and splice- 
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acceptor sequences for RNA processing, recombination signals 
and the like, comprise corresponding sequences derived from 
the heterologous DNA. Such regulatory sequences may be 
incorporated into the transgene from the same or a related 
5 species of the non-human animal used in the invention. For 
example, human immunoglobulin gene segments may be combined in 
a transgene with a rodent immunoglobulin enhancer sequence for 
use in a transgenic mouse. Alternatively, synthetic regulatory 
sequences may be incorporated into the transgene, wherein such 
10 synthetic regulatory sequences are not homologous to a 

functional DNA sequence that is known to occur naturally in 
the genomes of mammals. Synthetic regulatory sequences are 
designed according to consensus rules, such as, for example, 
those specifying the permissible sequences of a splice- 
15 acceptor site or a promoter /enhancer motif. For example, a 
minilocus comprises a portion of the genomic immunoglobulin 
locus having at least one internal (i.e., not at a terminus of 
the portion) deletion of a non-essential DNA portion (e.g., 
intervening sequence; intron or portion thereof) as compared 
20 to the naturally-occurring germline Ig locus. 

The invention also includes transgenic animals 
containing germ line cells having a heavy and light transgene 
wherein one of the said transgenes contains rearranged gene 
segments with the other containing prearranged gene segments. 
25 In the preferred embodiments, the rearranged transgene is a 
light chain immunoglobulin transgene and the prearranged 
transgene is a heavy chain immunoglobulin transgene. 

The Structure and Generatio n of Antibodies 

30 Th e basic structure of all immunoglobulins is based 

upon a unit consisting of two light polypeptide chains and two 
heavy polypeptide chains. Each light chain comprises two 
regions known as the variable light chain region and the 
constant light chain region. Similarly, the immunoglobulin 

35 heavy chain comprises two regions designated the variable 
heavy chain region and the constant heavy chain region. 

The constant region for the heavy or light chain is 
encoded by genomic sequences referred to as heavy or light 
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constant region gene (C H ) segments. The use of a particular 
heavy chain gene segment defines the class of immunoglobulin. 
For example, in humans, the » constant region gene segments 
define the IgM class of antibody whereas the use of a y, y2, 
y3 or 74 constant region gene segment defines the IgG class of 
antibodies as well as the IgG subclasses IgGl through IgG4. 
Similarly, the use of a a x or a 2 constant region gene segment 
defines the IgA class of antibodies as well as the subclasses 
IgAl and IgA2. The S and e constant region gene segments 
define the IgD and IgE antibody classes, respectively. 

The variable regions of the heavy and light 
immunoglobulin chains together contain the antigen binding 
domain of the antibody. Because of the need for diversity in 
this region of the antibody to permit binding to a wide range 
15 of antigens, the DNA encoding the initial or primary 

repertoire variable region comprises a number of different DNA 
segments derived from families of specific variable region 
gene segments. In the case of the light chain variable 
region, such families comprise variable (V) gene segments and 
20 joining (J) gene segments. Thus, the initial variable region 
of the light chain is encoded by one V gene segment and one J 
gene segment each selected from the family of V and J gene 
segments contained in the genomic DNA of the organism. In the 
case of the heavy chain variable region, the DNA encoding the 
25 initial or primary repertoire variable region of the heavy 
chain comprises one heavy chain V gene segment, one heavy 
chain diversity (D) gene segment and one J gene segment, each 
selected from the appropriate V, D and J families of 
immunoglobulin gene segments in genomic DNA. 
30 In order to increase the diversity of sequences that 

contribute to forming antibody binding sites, it is preferable 
that a heavy chain transgene include cis-acting sequences that 
support functional V-D-J rearrangement that can incorporate 
all or part of a D region gene sequence in a rearranged V-D-J 
35 gene sequence. Typically, at least about 1 percent of 

expressed transgene-encoded heavy chains (or mRNAs) include 
recognizable D region sequences in the V region. Preferably, 
at least about 10 percent of transgene-encoded V regions 
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include recognizable D region sequences, more preferably at 
least about 30 percent, and most preferably more than 50 
percent include recognizable D region sequences. 

A recognizable D region sequence is generally at 
least about eight consecutive nucleotides corresponding to a 
sequence present in a D region gene segment of a heavy chaxn 
transgene and/or the amino acid sequence encoded by such D 
region nucleotide sequence. For example, if a transgene 
includes the D region gene DHQ52, a transgene-encoded mRNA 
containing the sequence 5 ' -TAACTGGG-3 ' located in the V regxon 
between a V gene segment sequence and a J gene segment 
sequence is recognizable as containing a D region sequence, 
specifically a DHQ52 sequence. Similarly, for example, xf a 
transgene includes the D region gene DHQ52, a transgene- 
encoded heavy chain polypeptide containing the amxno acid 
sequence -DAF- located in the V region between a V gene 
segment amino acid sequence and a J gene segment amino acid 
sequence may be recognizable as containing a D regxon 
sequence, specifically a DHQ52 sequence. However, since D 
region segments may be incorporated in VDJ joining to varxous 
extents arid in various reading frames, a comparison of the D 
region area of a heavy chain variable region to the D region 
segments present in the transgene is necessary to determine 
. the incorporation of particular D segments. Moreover, 
potential exonuclease digestion during recombination may lead 
to imprecise V-D and D-J joints during V-D-J recombination. 

However, because of somatic mutation and N-regxon 
addition, some D region sequences may be recognizable but may 
not correspond identically to a consecutive D region sequence 
in the transgene. For example, a nucleotide sequence 5'- 
CTAAXTGGGG-3 ' , where X is A, T, or G, and which is located in 
a heavy chain V region and flanked by a V region gene sequence 
and a J region gene sequence, can be recognized as 
corresponding to the DHQ52 sequence 5 ' -CTAACTGGG-3 
Similarly, for example, the polypeptide sequences -DAFDI-, 
-DYFDY-, or -GAFDI- located in a V region and flanked on the 
amino-terminal side by an amino acid sequence encoded by a 
transgene V gene sequence and flanked on the carboxyterminal 
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side by an amino acid sequence encoded by a transgene J gene 
sequence is recognizable as a D region sequence. 

Therefore, because somatic mutation and N-region 
addition can produce mutations in sequences derived from a 
5 transgene D region, the following definition is provided as a 
guide for determining the presence of a recognizable D region 
sequence. An amino acid sequence or nucleotide sequence is 
recognizable as a D region sequence if: (l) the sequence is 
located in a V region and is flanked on one side by a V gene 

10 sequence (nucleotide sequence or deduced amino acid sequence) 
and on the other side by a J gene sequence (nucleotide 
sequence or deduced amino acid sequence) and (2) the sequence 
is substantially identical or substantially similar to a known 
D gene sequence (nucleotide sequence or encoded amino acid 

15 sequence) . 

The term "substantial identity" as used herein 
denotes a characteristic of a polypeptide sequence or nucleic 
acid sequence, wherein the polypeptide sequence has at least 
50 percent sequence identity compared to a reference sequence, 
and the nucleic acid sequence has at least 70 percent sequence 
identity compared to a reference sequence. The percentage of 
sequence identity is calculated excluding small deletions or 
additions which total less than 35 percent of the reference 
sequence. The reference sequence may be a subset of a larger 
sequence, such as an entire D gene; however, the reference 
sequence is at least 8 nucleotides long in the case of 
polynucleotides, and at least 3 amino residues long in the 
case of a polypeptide. Typically, the reference sequence is 
at least 8 to 12 nucleotides or at least 3 to 4 amino acids, 
and preferably the reference sequence is 12 to 15 nucleotides 
or more, or at least 5 amino acids. 

The term "substantial similarity" denotes a 
characteristic of an polypeptide sequence, wherein the 
polypeptide sequence has at least 80 percent similarity to a 
reference sequence. The percentage of sequence similarity is 
calculated by scoring identical amino acids or positional 
conservative amino acid substitutions as similar. A 
positional conservative amino acid substitution is one that 
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amino acid is replaced by a secon - n° acid ^ ^ 

can differ by a single nucleot sut , st antially 
example, the sequence -^"^T^. sl „ce the codon 
si«!ar to the sequence ""f ™ ' to .^c-AGC-GUU- 

»i»-rAA-AGA-GOU- can be mutated to 
sequence -AAA-GAA AGA Rations, single 

by introducing only 3 substl £our ori ,i„al codons. 

nucleotide substitutions in larger sequenc e. 

, The reference sequence may be a subset ^ ls 

such as an entire D gene; however th referen 

. .. , »»,it,o residues long. Typically, tne r 
at least A amino resia preferably the 

sequence is at least 5 amino acids, and p 
Terence sequence is « amino acids or more, 

5 *>^ SS T^*or generating OKA encoding the heavy 

developing B-cells. Prior to ^ ana constant (c , 

,. immunoglobulin J^T^' * ^ part, in clusters of V. 
gene segments are found t sors o£ primary 

D. J and C gene segments in th P fge , 

repertoire B-cells. Generally, all of t 9 ^ 
heavy or light chain are located in relatively 
» onTsingle'chromosome. such -^segments is 

recombination of the £^ 
referred to herein as "unrearrang 9 ute fa mily 

B . cell -.2,r- ^ - else of li,ht 

30 :r genes?-;:: ^ ~ — rr nallY 

rearranged heavy ^sT^ ^abll -ion stents to 
functional rearrangement is or * 

£or m DMA encoding a functional . 

segment .^^^J^-J^^^ by heavy 
35 First, heavy chaxn D-to J 3 oxnts dna 

ch ain V-to-O, ^ « « — J^^ahle region in 
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rearranged dna« or »rearr a . 

<»ain. =uch OKA is r«£Z% IT".' ^ th * — * the heavy 
y *» the case of the light cUin ™ hSaVy ^ 

"rearranged llght oha . n J ~* OKA is referrea to as 

5 descrlb - the functional rearran U used to 

invention. Arrangement of the transgenes of the 

The recombination of vari.h.. 
to for* functions he avy ana 111" regl °" "~ 
-Mtatl by recombination s L a f 
10 ™*"ational ly content v ~ S '" 8 "' ) ««* 
necessary and sufficient *„.,.' se 9™=nts. Rss . s 

heptamer an t^ 1 **™™"- a 
*Pacer region of e itller 12 "^""T' ^ "* inte "enin, 

are conserved a„on, the d i„ er e nt T e PairS ' *~ Sl *" al * 
15 Z D " J vsr, recombinatioTal and -~= that carry 
interchangeable. See Oetti n fictionally 

ana refereL" c ^er' a990, • • 
comprises the seguence ^ T"' 

^acer of unconservea segu^T * "* flowed by a 

2» sequence ACAAAAAcc or its 2 1 ^ * non ™** having the 

« «- do^strea: sC 1 ^ ^ ar! fo^a 

I»eaiate ly precedl V «* » ««- segment. 

t»o recombination signal e ^Ts Se9 " entS a ' aln 

25 l 6 ,^— ^ain separate! by ^ ' „ ^ ""^ 

•«9»nt are complementary to tZ f ° 11<>Wln9 a V V„ or D 
"9-Dt. with which they reco^ P " Cedln 9 the J L , „ or - 
neptameric ana nonameric »»'— «- 

-ng or between 22 a „a 24 ^ITl^ " ^ — 

In addition to th ■ Lw ng. 
^ents, further aiversity'is^r" 96 " 6 "* ° f 0 and J 
«pertoire of immunoglobulin h " in tte *> rl »ary 

liable recombination ttwe e „ ^ T » of 

l^ht chain ana between the D ana j * in th * 

ooain. such varlabu recoab D L ™ > s ^ents of the heavy 

» the exact puce at which such se " " I*"™ >* variation 
nation in the light chain tl ica T *" j ° ined - — » 
—f the v gene segmental? T ~ ™ «- iast 

lrst Cod on of the j 
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. . oining occurs on the heavy 

segment. Similar "J^J^t. an* «, extend 

chain chromosome »— -» * e J s ^hermore, several 
ove r as many as 10 nucleot ides. o ^ ^ ^ bet „ een 

nucleotides .ay be inserted betw fcy genomlc 

s th e V H ana D gene ^^so n- u °^ S is Known as »-region 
DMA. The addition of these n 

diversity. a , _ rea rrangement, transcription of 

if ter VJ and/or VDJ rear 9 ^ regl0n 

th e rearranged variable the rearran ged variable 

10 gene segments located ^"^^^ u hich upon 

region produces a primary which a 

appropriate «*. ^^^^1. ^ ^Ic? 

full length heavy or light t0 el£ec t 

and light chains inciude a leade 9 iiMjunogloblllln into 
1S secretion through and/or Tne » encoding this 

the transmembrane region of » ««, of the V 

signa! sequence is conta ined «^J^ o£ ^ heW or light 
segment used to form the ^^T^U*** sequences are 
lmu „oglobuUn ^J^^ Relation °* - — * 
20 also present in the mBHA ljm unoglobulin 

produce the encoded heavy and li ^ eaoh ether 

^oiypeptides which upon proper assoc. 

form an antibody »° lecu ^ e . rearra ngements in the 

The net effect of such r rec ombinat»n 
25 variable region gene segment, , and the on o£ . 

which may occr during such ,oin^ ^ ^ whteh has 
primary antibody «* ert " re ; es . s i„gle primary 

. differentiated to this stage, P ution process, 

repertoire antibody. During this *i £unctional 
30 cellular events occur 1„ ^ contained 

rearrangement of gene Ig , e ne. The process by 

within the ---^rstch mono-specificity is termed 
which diploid B-ceiis 
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B .cell clones expressing reper toire are 

th e set of sequences comprising the primary 
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0 !T " liable to re Spond to , . 

°f the UMteci diversity ^tT, ""gens. Becaus 

Wing, the antibodies prod, ! by sl "We vj and vdj 
-Ponse are „ relat ^~ IT S °- CalUd «" »* 
5 ° f 8 ~"« -*e up this in iti ~ !l nity - *» di "«ent types 
Primary antibody-forming a " Precurso « °* 

repertoire B-cells °" d P"<="«ors o£ secondary 

~Us in responM e^;"^/" 0 Secreting pllMM " 

10 *» initial exposure to "» <*« B-ceUs 

dependent maturation pathway. • 

T-cell 

During the T-ceii 
stimulated B - oeU olo „ esi — tion of antigen 

-olecuie on the cell surfaeT ! 6 ° f the antlb ^ 

» ^i on swltches to a changes in two ways: the constant 

variable region can be xo £lT^ T <* the 

substitutions to produce a hig^ af T ^ Si " 5le ^ 

As previously indicate! ln " y antlbo "y Molecule, 
heavy or Ught lg J-t d each variabie region of a 

It has been determined by aminTacL ^ 

sequencing that somatic muC ^ " UOlelc 

— s throughout the v r^Ltd"' 11,6 — "^e 

=°»plementary determining reT free 

".erred to as hypervariL: ^ J^' « ™» aiso 

SSflMaSMLJ *-&31s^^ 2 « d ^ (Kabat et al. 

incorporated herein by refere^ ™ leeS ' Ba =«ngton, DC, 
located within the variable ,1 ^ "* CDR2 «e 

^rgely the result „ f recombw • " bmaS the f 

-ornents or v. D a »d /geT se l°: V ™ ' — 

variaMe region which do not c^ T P ° m °- «* the 

commomy referred to as fr ° f CDR1 ' 2 « 3 are 

•» and ra4 . see F : g ; S 1 £ ~ designated w . 

rearranged DNA is mutated t^," hyPer " Utati °". the 
altered Ig molecules. Those " J t0 " ew cl °nes with.- 

«- foreign antigen are ^ for 
■f-cells. ,i ving rise J?*"* 1 * by helper 

smt s m expression of 



PCT/US94/04580 

WO 94/25585 

39 

clon es containing new mutation ^^^^^ 

which influence the specxixcivy 
binding domain- 

Taenia non-human animals in one aspect : of«- 

„ l0b uUn trances ; oftte nvent _ 
hereinafter) into a zygote or early ^ Mention 
animal. The non-human animals whxch ar -ed - 
generally comprise « — 
5 immunoglobulin gene segments pr (or 
response, such nonhuman "^^^ Z^c rabbits. 

transgenic cattxe, a«« 

particularly mammalian species, ^1 iTl^e nonse or other 
0 particularly preferred non-human anxmal is the 

members of the rodent family. limite d to the use of 

However, the invention xs not lxmxted tot 

• tj "T any non-human mammal which is capable of 
mi ce. Rather, any non h ^ be 

mounting a prxmary and secona y 

o », ,„i ma i s include non-human prxmates, 
25 used. Such anxroals lnciua e „ or ies other members 

chimpanzee, bovine ovine an, and ^ 

guinea pi„ most preferably mouse- ^ ^ 

30 in one embodxment th 

sclents from the human genome are used xn vy 
ohain transgenes in an unrearranged form. In this 

„ QC __ e introduced into mxce. The unrea 

;:: =r: f ~ — — ^nrr 6 have 

35 L sequences — . 
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In an alternate embodiment of the invention the 
transgenes comprise rearranged heavy and/or light 
immunoglobulin transgenes. specific segments of such 
transgenes corresponding to functional^ rearranged VDJ or TO 

c e«lv v."*"" iMUn °' lobuli " "» fences which are also 
clearly distinguishable fro. the endogenous immunoglobulin 
gene segments in the mouse. 

in *k SUCh dif£erenoes in ™* sequence are also reflected 
in the amino acid sequence encoded by such human 
immunoglobulin transgenes as compared to those encoded by 
»ouse B-cells. Thus, human immunoglobulin amino acid 

of^7invT be **** *" ^ ~-» 

eoitlY " ith anUb0dleS Speolfio <°* i—noglobulin 

epitopes encoded by human immunoglobulin g ene seamen's. 

Transgenic B-cells containing prearranged 
^ansgenes from human or other species functional* recombine 
the appropriate gene segments to form functionally rearranged 
light and heavy chain variable regions. It win be readllv 
apparent that the antibody encoded by such rear™ " 

ZZT* 8 Md/0r Mln ° «" which is 

anil u°s 9 T t t0 n0nMlly — »*«^ " the nonhuman 

animal used to practice the invention. 

Umeari-,^ Tr ans< m ir f 

" heavy chairs h<!rein ' ^ i-unoglobulin 

varLle « nS * ene " C ° mPrlSeS D " A «»» at — 
variable ,e„ e segment, one diversity gene segment, one joining 

gene segment and one constant region gene segment Eacn of 
or has a sequence corresponding to, DMA encoding 

rintrl' ! the . nOT - hlma » i»to which said transgene 

is introduced. Similarly, as used herein, an Prearranged 
immunog obulin light chain transgene" comprises DNA He* „g 

anVat Las"! Variabl6 9 ~ ~ ^ ~~ ~ 

and at least one constant region gene segment wherein each 

gene segment of said light chain transgene is derived from or 

has a sequence corresponding to, DNA encoding immunogloouUn 
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«. *«» a species not consisting of the. 

of the invention «*» > ^ ab. ^ ^ d ^ a 

on prearranged ™ 'tUgene and between the V and a 

segments m the heavy c _ a re appropriate 

segments on the light chain »»■»■" addltion , suoh 

recombination signal sequences RSS ^ ^ s tQ 

^fainina more than one u xeyx 
„eavy chain transgene staining ^ 

3 segment, e.g. C, «- * ^ a upstr eam fro, each of 

below "switch regions" are inc p flrM , the 

«. constant region ^Teco^ination between 

variable region gene immunoglo bulin class 

M ch constant regions to allow ^ ^ 

2 0 switching. e.g. from M" « W» ^cription control 

immunoglobulin transgenes also c upst ream from 

fences including ^^ZZT^^ contain T ATA 
«» variable region - ^ approximately as a 

motifs. A promoter region ao wnstream 
25 DNA sequence that, when °P«» M * ^ dounst rea» 

sequence, can produce ™*°"£Z p rZ°°* °* 
sequence. Promoters may ^ e£li cient 

linked cis-acting sequences in orde P partle ipate 
transcription. ^'£^£1*. are preferably 

3„ in the «* nsc " P "°" °/ s ^ e nces that participate in 
included. Examples of seguenc ^ 

session of sterile «™~^™7et\l., BtUJ.*- 
pubUshed literature including^^^^^^ 

1:621-627 (1990); Reid et al . . E__ ^^^^-SEi 

. /-. QQ Q\r stavnezer e*- 5,1 - - ^ 

35 



z;o^i-»-« a • i I TTnn n 

M:8 40-844 (X989); Stavnezer et al ' 

^ fl5:V70 4-7708 (1.88), and Mills et * • herein by 

ia:7 ,0S-7 31 6 (199!,. each of which = « abMt ^ iMst 
reference. These sequences typically 
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50 bp immediately UDst . raa 

Prelaw, about at J,^--^ « 9ion; and Bore 
-it* r e g ion . SuitaWe s "°° bp ° r «" upstree* « . 
5 <* «» hMan ~* occ Ur iMediately 

"gions; the sequence £ *' S «" S «2' and «« =»itch 

r? pre — Aue^.r,; 0 ;;:^- with s » 

-9 ^tch sequences M y be „„„. ln ""M-Won, 

murine 

10 adv ^ a geous to eaploy lg " "' ay f "1»enUy be 

- «- t» nsgenl0 non :^ a r an t ;ir 9u : noGs of the — 

<»»> i„ ducible transcription^ * ,' Brth «—. interferon 
X™- induolWe enha„cer s /ar B L , ^ SUC « - 

^ umrea,. o £ transgene ^ i~d Mediately 

r '-^c^ n o :.t:: a ou,er 

fW e * a ^ « Ught chain enhance * "» 

Preferably between the J IT sit -«ted 
the light chain transgene L IZT ^ ~ on 
expression, therehy facilit* t0 transgene 

«• - the heavy i^S^,'"* 110 * «- 

a -Pl°yea. ^ reguCrTT re9Ulator * """ancers and 
«e transcription ana ^ZZilTT^ *" *» 
induce aUeiic exdusion H ' tI ""»— °° - to 

» «* transgene expression ^ ™ e "lively high Uvels 

"««-t1S s^eTh"' Pr ° m0ter Md enha "°« 

«* ^latory sequent ty^Ther *~ 
an«al bei „g derlved a * *• heterologous to the nonhu»a„ 

30 eteroiogous transgene T ^ ^ 

Obtained. Alternately, such ll , ' S89 " ents « e 
derived fr™ the ,v>„ regulatory , e „e 

segments ar*> 

~ Of the non-hu^n an ta"! ~~ * the 

, 5 contai heavy - ---ted species, 

in the prefprr^ y<=Jie« 
^ived fro, h„„an beings «— ~g*ents are 

harboring such heavy " f "o«-h»an animals 

"ounting a „ aa .,„ ediated * 19ht transgene* are capable of 

" Une reSP ° nSe * a ^cmc antigen 
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. o ,«n« are produced within 

adro i„istered to such an animal ^ hete rologous 
such an animal which are capable ° f ^° d ^ selection for 
h uman antibody. After l-^"^.^ g a hybridoma, a 
an appropriate monoclonal ^^ ^^ ^provided. 

source of " — 

Such human Mabs have significantly 

. .^ministered to humans, 

therapeutically a ^" 1S "" Q eBbod i„ents disclose the 

Although the pre erred contal „i„g human 

construction of heavy andlight transg ^ ^ 

> — "'^^ ^ that the teachings descried 

re,ard ' ^ hi read ly adirted to utilise immunoglobulin gene 
herein may be rea dily P^ _ por exaBple , 

segments from a specks other « humans with the 

in addition to the therapeutic^ peatmen by 
5 antibodies of the invention, ate 
appropriate gene segments may be »£™ ^ sciences . 
monoclonal antibodies for use in tn 

y .-r ^.nnrf Transgene s transgenic nonhuman 

in an alternative embodiment, transg 
20 . n.. »t least one rearranged 

animals contain functionally at least ^ 

heterologous heavy chain immunog 

germline of the transgenic anima ^ S u ch » ^ 
primary -^^^ are capable of undergoing 
25 transgenes. Such B ce "* * an anti , e n to form a 

r rr. r -"=s- — - 

30 switching. deludes transgenic animals 

The invention also inci transgenes 
cells having heavy and light transg 
containing germ line cells na y . rea rranged gene 

wherein one of the said transgenes °°^™J segments . 

isotype switching. 
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oenerat . inVent i°n ^rther includes methods for 

generating a synthetic variable r-o^ 

in each of the v segment DNAs encodes an 

Isotypp RtH^^ij 
5 initiallv » aeVel ° P,, ' ent ° f * ■ Whocyte, the ceU 

coexpressed ln . slngle ^T^J^" 9 ^ ^ ^ t0 be 

«,rran,e,ent event ^ ™c;t;t * ~" 

reagent process, te rae a so^ ^ ^Z' t^ 
occurs by recombination between JZ,7V ^' tyP1Ca11 * 
located Mediately „JZ^ °* SKltCh Se 9» ents 

... - indi^j rsr^r^r 1 ~ 

* probes have confined tha^vTt h ' """M"*- 

-ss „ c„ seances Lite .T" 5 * «"> 

about i toT^t'th re9lOT ° f " S - is ^ 

° 2 Xb 5 to the coding sequence anri 
numerous tandem repeats of « composed of 

uem repeats of sequences of the form 
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o to 5 but can range as 
(GAGCT) (GGGGT) , where n xs usually 2 " 5 b . 848 (1981)) 

^ n fsee T. Nikaido et al. Nature 

simSr internally repetitive switch seances ^ 
. i kilobases have been found 5- of the other C H 

spanning several kilobases n consist 
q reaion has been sequenced and founa to 
5 genes. The S a region n wher eas murine S y2a , 

l3 5:6 2 0-6 2 6 (1985, and T. Nifcaxdo et al., — 

, -** t;;:;r; e lelous 

Terence., Ml the sequence J^H^ ^t are the 
occurrences .f the pentads GAGCT and ^ ^ ^ 

Msi c repeated el.en s - ^ <_ hereln 

P'" 1 - ChCT - 251 ; 73 " " ' s ' ions these penta-ers are not 
15 by reference) ; in the ether S regl 

precisely tandemly repeated * n S ^ ^ 

in lar,er repeat™ t . The V * £lank 

higher-order structure. w» 

- * .i^fors of 49-bp tandem repeats. (see 

£oU nd to he very similar to their mouse homolo^ ndeed 
similarity hetween pairs of human ^ ^^'J^ . £ac t 

30 the recombination always occurs. ffiacninery of V-J 

Generally, unlike the enzymatic machinery o 
eeneraxxjf, ann arpntlv accommodate 

v -4-4«r, the switch machinery can apparently 
recombination, tne swivw. reaions of 

different aliments of the >^^£Z?Z 
g er»line S precursors and then ,orn the -quence ^ 
35 ^itions within the ali^n . - ^ ^ ^ 

incorporated herein by reference.) 
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activation « ZllZTUT T 

™- ^ UPregulate i^^xsr^L lt 

itches to all xsotypes and that specificity lies in 
targeting this .achinery to specific switch regions 

The T-cen-derived lyaphokines il-4 and ifh h ,„ 

r::n gG T' lgG2a : igG2b ' and 

IFN y selectively striates laG2a ex P— xon; while 

the IL-4-induced inZ, GXpression ^nd antagonizes 

et al j im T " l9E IgG1 session (Coffaan 

iUBMiai. 136: 949 (1986) and Snapper et al 
5 Science 236: 944 M9871 M >,<„w . M^etal., 

referenced a t lncor P° ra ted herein by 

teierence) . a combination of il-4 an* TT e 

expression (Coffin et al I r IgA 
wh , , . . 1 an et a1 *' -J- Immunol. 139 : 3685 (i9si\ 
which is incorporated herein by referenceT? 

recombinations „ig ht rlfLct s , " 
preco«itted ceUs but tha T° °* PMSBitc "« d « 

induction of class switching appears to be 

al., Proc l t i 7T ' iM83 (1M »>' Be "°" ^ 

by reflr^ Z~ ' ' eaCh ° f Which is incorporated 

steriie trl Lipt b v ,7 . ' iMUCti ° n « «- * 

»u h the ob ::ztj, :z inhibiti ° n ty ^ 
* s-ceus in ^2^:zT^rT itchim3 to ti 

Therefore the inm, • inhibits 7 i expression. 

- - -type switching. J^^T ^ 
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articular irile transcript typically can. 
transcription o£ a particul ^ ^. tch 

>. expects « enhance the ^ » 

recombination involving terable that transgenes 

Per these reasons, it is P withln about 

transcriptional regulatory seq utilized 
5 incorporate transcrip ^ u to be utilize 

1 ., kb upstream o, each £^ regulatory 
for isotype switching. w DrOTOte r and an enhancer 
sequences preferably include a pr om ^ 

eiement, and more p«ferably ncl ^ ccurs „ 

10 upstream) region that is n ^ This 5 , 

germline configuration) with a ^ ^ ^ nucleotides in 
flanking region is W lca " y 200 nuc ieotides in length, 

length, preferably abou 1 mol eotides. 
and »ore preferably at l« st from one switch 

Uthough a 5 • f lank", suitcb reglon for 

region can be operably linked to a dif ^ ^ ^ 

transgene construction (e.g.^ opstream of the S ol 

h uman S,, switch can be graj ^ ^ ^ to 

switch; a murine s,, flanking g^ ^ ^ „ e 

a human yl. switch sequence, or 7 ^^ts 

gra£ ted onto the human * coding re on, . ^ ^ 

lt is preferred «^ h f lanklng region that occurs 
transgene construct have th 9erBline 
immediately upstream in the nat 



20 



25 configuration. 



Hsnocl^l^ntifeSiSiSS obtained by various 

Monoclonal antibodies can » ^ ^ Brie fly, 
techniques familiar to those skille in 
30 spleen cells from an animal . ByeloBa cell 

are immortalized, commonly by fusl (1976)). 
Ller and Milstein. t -de transformation 

M ternative methods of »—*^ t 1 rstrov iruses , or other 
with E P st,in Barr Virus -"^^ arisin9 from single 
35 methods well known in the ar . ductlon of antibodies 

immortalized cells are screen ed for P ^ ^ 

of the desired ^"^^ pr lced by such cells may 
yield of the monoclonal anti 
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tec hniques use,: ; y th °: s :^ ebrat :. h ° st - ~° 

Harlcw and ^ 3re ed, £or exaaple, i„ 

produce i Munoglo ^ .~ 9: ""ion of aninals to 

i-u* i-j, 10 ^ ; ~ :; : 0 :r clonal antibodies; 

purification; and i_says ' 1 —"" 1 »"y 

A The „ asJraPW-rHr Pri^n.^ertoire 

tmnan tl^i.,,,,^ Tnr , 

the ,eneratio„Tr t reqUire,nent '""^ Motion is 
"iverse Lough to Prlnary antib ° dy «»t is 

» Wide ran 9 e oTa i e T ^ ~ <~ ■ 

co„ slsts of a si„ M T rearran 9ed heavy chain gene 

• tande* .rrly T^TaZ ^ ' ^ — ™ 

ot which is encoded hy several ^ 

> 5 secreted immunoglobulins. 

« aPProxJatrrvTneT ^ *" """^ t0 — ^ 
the existence of alt „ 7^! ( ™ t ^ SUPP0 " S 
approximately 30 D gene ! laments, spanning 2 

stents clusUd 0 ^TTS s^aT ^ " ~ * 
region gene segments .m,.* 7 " lne const <">t 

^ entire locu^ 2 IT °™ t 30. ». 

Portion of the lon ralT:r:! ely " °< «- 



35 



Port.cn cf the leng arm of chromosome ' u . 

B * Sene Fr, r ^ t TrnrrijM)^ 
1 - ii^l^hain^ajisgene 

li 9 ht chairtrXteT:^^" 1 ' and 
humans. In the case of th . """""^ » 

the case of the heavy chain, a preferred transgene 
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M _i.-r fra craent having a length between 670 to 830 
restriction .if has not been accurately 

however, to reside between the «1 and «. gene segments ^ Thx 
now ' . _ nf -n six of the known V H families, 

fragment contains members of all .six or h 

^ni-c as well as the /i, 5, 73/ 7 1 ana aA 
the D and J gene segments, as well , 88 

constant regions (Herman et al., BSBSLi- 2- 

Which is incorporated ^"^^^ —s a 

one switched heavy chain class (IgG,) . » conjunction 
with a sufficient* large repertoire of variable reg.ons to 
trigger a secondary response for most antigens. 



, 6 2 Tinhf chai n ivansoene 

^^clr^Tcontaining all of the necessary 

20 application, entitled " „ t 29 , 1990 , 

of Producing Heterologous Antibodies, 
under U.S. S.N. 07/574,748. 

C. Transgenes Generated intracellular ly 

,c hv Tn Viv " ^combination 

' It is not necessary to isolate the all or part of 
the heavy chain locus on a single DNA fragment Thus, 
^Lle the 670-830 Kb NotI fragment from the human 
tubulin heavy chain locus may be formed i^ in the 
30 non-human animal during transgenesxs such in_S_ 
construction is produced by introduce two or more 
overlapping DNA fragments into an embryomc nucleus of the 
n on-human animal. The overlapping portions of the DNA 
fragments have DNA sequences which are 
35 homologous. DP on exposure to the 

within the embryonic nucleus, the overiapp y 
homologously recombined in proper orientation to form the 
670-830 kb NotI heavy chain fragment. 
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ULvivo transgene construction can be used to form 
any number of immunoglobulin transgenes which because of their 
size are otherwise difficult, or impossible, to make or 
manipulate by present technology. Thus, in vivo transgene 
5 construction is useful to generate immunoglobulin transgenes 
which are larger than DMA fragments which may be manipulated 
by YAC vectors (Murray and Szostak, Nature 305:189-193 
(1983)). such in vivo transgene construction may be used to 
introduce into a non-human animal substantially the entire 
10 immunoglobulin loci from a species not consisting of the 
transgenic non-human animal. 

In addition to forming genomic immunoglobulin 
transgenes, in vivo homologous recombination may also be 
utilized to form "mini-locus., transgenes as described in the 
15 Examples. 

In the preferred embodiments utilizing in vivo 
transgene construction, each overlapping DNA fragment 
preferably has an overlapping substantially homologous DNA 
sequence between the end portion of one DNA fragment and the 
end portion of a second DNA fragment. Such overlapping 
Portions of the DNA fragments preferably comprise about 500 bp 
to about 2000 bp, most preferably i.o Kb to 2.0 kb. Homologous 
recombination of overlapping DNA fragments to form transgenes 
in_^o is further described in commonly assigned U.S. Patent 
5 Application entitled "Intracellular Generation of DNA by 
Homologous Recombination of DNA Fragments" filed August 29 
1990, under U.S. S.N. 07/574,747. 
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D * Miniloc us Transg ptipe 

As used herein, the term "immunoglobulin minilocus" 
refers to a DNA sequence (which may be within a longer 
sequence) , usually of less than about 150 kb, typically 
between about 25 and 100 kb, containing at least one each of 
the following: a functional variable (V) gene segment, a 
functional joining (J) region segment, at least one functional 
constant (c) region gene segment, and-if it is a heavy chain 
minilocus-a functional diversity (D) reg ion segment, such 
that said DNA sequence contains at least one substantial 
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15 



discontinuity «..,.. a deletion. — - -t ab ° Ut 2 

to S *b, preferably 10-25 Kb or. more relative 

homologous genomic DNA sequence, . A ligh : =hal ^ 

transgene »m be at least a. ^ to .„ 

kb A heavy chain transgene will typically d 

fcb'in lengll. preferably at least about 60 kb with two 

kb in ieng f link ed to switch regions. 

constant regions ^J^ s „ £ the Binilo cus are 

rrir^lnne configuration an, . cap able of 

transgenic animal so as to expr encoded entirely 

molecules with diverse antigen —°"™*» m * 
by the elements of * ^ ^ requi site 

minilocus comprising at least tw g ^ 

immunoglobulin classes will be - 
switching may occur „ M » ^^^a oells of 
^ u"r^ Wanted from the 
tra „s,enic — ^ment, — 

D, and J H gene segments and wo 
, least one of each appropriate type gene segment is ^ 

incorporated into the minilocus transgene. With 

segments for the heavy chair , transg»e it i P ^ ^ 

that the transgene contain at least o»M mo „ pre£erably 

xeast one other constant region gene segment more p 
. a , gene segment and m- ^ X,« and Xg G 

nrr^J^z^ a„d r ----- 

secretable form of high affinity non-XgH « ^ n. 
Other constant region gene segments may also be used 
ls those which encode for the ZZc, 

;r s Ti s i Tdi e e «. — ^ 
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order found in the qermline of 

donor of the C H genes SPaC " S ^ - «- 

^ Additional, those skilled in the art can select c„ 
genes from more than one individual of a species (e g 
allogeneic c a genes) and incorporate said genes in the' 
transgene as supernumerary c„ genes capable of undergoing 

ITT SUitChin?; r6SUUant tra ™= nonhuman animal 
-ay then, in some embodiments. Make antibodies of various 
classes including all of the allotypes represented in the 
specks fro* which the transgene C „ genes „ er e obtained. 

C genes f Sti ". fUrther ' those in the art can select 

c„ genes from different species to incorporate into the 

c ra , n eT ne ', f K FUnCti ° nal S " itCh SeqUen ° eS m «lth each 

c B gene, although the switch sequences used- are not 

necessarily those which occur naturaUy adjacent to the a, 

=ene. Interspecies c„ gene combinations win proauce a 

vaX7cl a n0nhUMn aniMl " hiCh PIOdaCS antlb °«~ °* 
various classes corresponding to 0„ genes from various 

I TranS9eniC " containing interspecies 

C H transgenes may serve as the source of B-cells for 
constructing hybridomas to produce monoclonal* for veterinary 

■ Chai " J re5l ° n se 9»«*s in the human 

compr.se six functional J segments and three pseudo genes 

IcT- in 3 3 '* Stret ° h « ™ A - G1Ve » ^ «'=tL" 
compact size and the ability to isolate these segments 

together with the „ gene and the 5- portion of £ s gene on . 
Single „ tt SF1I/SpeI fragBent (Sado ^ 

ItT ^ ^ 1Si ' 26 ''" 1 which is incorporated 

herein by reference,, it is preferred that all o, theTregL 
gen, segments be used in the mini-locus construct. Lc Li 

keT toT": ^ re9i ° n betTOe " * ^ « — " is 

Includes the ! XPreSS1 ° n - because this fragment 

includes the entire J region, it contains the heavy chain 
enhancer and the „ switch region (Mills « », „ I 
1 e , vancopoulos and Alt. taJaU^l. 4:339-367 
(1986), which are incorporated herein by reference). It also 
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. Hnn start sites which trigger VDJ 
contains the transcription start s opou los and 

join ing to form s ^corporate* 

Alt, cell 40:271-281 (1985), whi BssHI i /S peIl fragment, 

Terence) . "^^^ "^l used - P-e - 
i which includes part on the D g ^ a fragment 

the 23 Kb SfU/Spell t o facilitate 

increases the amount of t> 

mm e, jji, 63! 635) . the=e segments haye ^ 

individual D segments, so different strategies are 

capped and are shown in ■ ^ ^ strategy 

used to genera te a m n U- ^ ^ ^ short 

L5 involves using only those ^ one or two of the 

contiguous stretch of » ««* in ^ kb £ragment 

seated » ^ ^segments. This piece of DHA 

that contains 12 inaiviu d has be en 

consists of 2 contiguous BcoHI fragment and ^ 

20 completely seguenced (Ichxhara ^'suff icient for a 
.4141^-M.y. Twelve D segments should^e ^ ^ 

primary "^JZ^^* - T 
the D region, an alterna^i rontainin g fragments, to 

sev eral non-con ^ ^Ir numher of 

25 produce a smaller piece of DHA «* ^ ident if led, for 
segments. Additional ""-J^^,, flanging nonamer 
example, hy the presence <^~~" t0 .he 

and heptamer sequences, suD£a, ana y 

Hterature^ Hy ^ ^ one v gene 

30 ««. h.aw chain minilocus 

segment is used to construct the heavy ^ ^ 

ttansgene. Rearranged or —'"J 9» ^ 

without flavin, ^ UenCe u S s Ca s n H be 07/574 ,„a filed August 
copending applications, U.S. S.N. / 0 . s .s.». 
35 1M0 , PCX/^^iBS filed «gus s - 1- wwch ^ 
07/810,279 filed December 17, 
incorporated herein by reference. 
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~g»ents. aTc r Zl° r „i t T arran9ea ' SS9 " entS ' J 
be isolated as descried ' tlaI * in9 S ~ es < — 

07/574 74. f nJ T copending applications u.s.s.n. 

S August 28 1991 ^ 1990 PCT /° S 'V06 185 filed 

constructed f^m\7 Chaln tranS9e " e 

Thus ! ? h, " an X ° r * i^noalobulin locus. 

n a :: r\r:rr; n heavy — 

» and constant region's^enc TV 1^7°*^ ' 
of DNA fragments with .» h ^ * 0 lu "lity 

homologous^ "*'™" tein9 sub «antially 

are openly Hntd HZ^^ ^ 
are capabie of und e '° . tranSC " Pti °" "oulatory seauences and 
apahle of undergoing rearrangement, with two or 

^og ous to human DNA and ^TS^r^ 

» -ergo ^^n^TST^ ^ *° 

= neoessary to reguute ^ - - cis-acting 

preferred cis^T ' IFN - lndu cible elements, are 

rLrrr - Jr:: ° — 
^diatsLt;:::! 5 rsL'zEr or r° ot — - 

switch region should h ' preferabl y « human 7 1 



where 
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**> linked upstream from a human a 2 C H gene, 
switch region may * to a human c H gene. 

or a --; lai ^;;; t ;;/ roethod for 

, „ ^-associated deletion) in transgenic 
isotype switchxng e.g., < assocx 

rai ce involves the — ^ ^ (Yasui et 

sequences and e ) ^ ^ HomologOUS 

al . , Eur^_»^ J* 139 < deletes tne „ gene 

recombination between these two seq 

D no Heaw chain transgenes can be 

( v.).-(D) T -(j.).-<8.).-(Ci).-tm-«Hip-« c ' ,, « 

v is a heavy chain variable region gene segment. 
IVs a \eav7cnain D (diversity, region gene segment. 
' s a helvy chain J fining, region gene segment 
s " is a donor region segment capable of participate » 
^recombination event with the acceptor region 

segments such that isotype «^»^«* -oding 
c is a heavy chain constant region gene * 
1 an iso7ype utilized in for B cell development (e.g., 

, is a lltin, transcriptional regulatory region 

segment containing at least a promoter, 
s is an acceptor region segment capable of P"""? 
m a recombination event with selected S D donor 
r "eg on stents, such that isotype switching occurs 
c 2 is a heavy chain constant region gene segment ^en-ding 
an isotype other than ». (e.g.. 7». T 2 . 7 3 . ?4- «l 

"V Tn P and g are integers, * is 1-100, n is 
*' y ' *' P : " I is 1-10, z is 1-50, , is 0-50, m 

:;tr s ^x: w he n - ^ „ ^ 

' - C witchin q . q must be at least 1, > is 



0-10, y is 1-50, p is i-io, 
is 0-10. Typically, when t 
«f isotvoe switching, q mus 

least i n is at least 1. and m is greater than or 

equal to n. 
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selected from wi^UVj' be 

— ally in ^ i UMn 3 :: u f :° «~ 

about. 2 V H gene seme «f . H251 * T yP lc ally 

h yene segments are include 
segments are include „ """ded, preferably about 4 v„ 

m v a segments arT^ed ^ 1 — = » 

10 although at^T™ I *" lnCl *"^- 

*H segments, and some ^ 

about six j segments <!„„„ """"wents include more than 

human j h segmentT ati , T «-**i"ents i„ cluae 

six human .rs^nts an a n T T*™ —«»-»*■ -^e 

20 " ^ tS ana no """human J H segments. 

"d segments are donnr ■ 
particicatin^ • regions capable of 

switch regions sucb LTT T^s SWit ° hin9 ' S ° M « 
Preferably the switch "' T " y2 ' *" **• S <" S °2' and V 
» preferabiy T™** m «*»• human, more 

»ur fa e . , D For IT" OT mUrlne ^ * 1S 8 «— » « 
e For nonclassical isotype switohi n „ ,x 

— ««>. S „ and Sa arfi pref erably the 400 baa "r~ °- t *' 
-peat se^es ^ flank ^ 4 £.*"*"* 

C 2 segments are tvoican^ „ 

3 ° /* gene, and more preferably ! T ge " eS ' P refera ^ a 

preferably a human or murine fi gene 

Se ^ ent ^ typically include 8 . flan^i! 

that are adjacent to naturally occurring „T T M - 

swxtch regions. T Segnients typically at , V " ^ 

50 nucleotides in lenath I * **** ab ° Ut at leas t 

35 nucleotides in lenath P ™ fmbl * about «t least 200 
"aes m length, and more preferablv a + ■■ 
nucleotides in lenath B * P rer erably at least 500-1000 

-tc h regions in . ,e r mi ln e JcJ^Z? ^ « 
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. . . m seaments may 

comprise "-^^n;,,,^! germline (e.g., viral 
do not occur naturally . n gv40> 

enhancers and promoters such »™ eu Karyotic cells). 

a denovirus, and other ^ ^ ^ ^ „. , 4 . «, 

C 2 segments are typ ^ ^ ^ . sotypes , and 

or £ q, , e „e, preferably . *»~»J Murine and Ha, ^ 

more preferably a human ^ or 7 3 " hed) iso type genes 

als o be used, as may -^^.'^ chain tra „sgene 
0 form various species. « her .inilocus. the total 

contains an immunoglobulin h » «, Kile basepairs 

length of the transgene will typ 



or less. 
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« „m be other than a 
In general, the transgene will*^ ^ 

native heavy chain « with corresponding 

unnecessary ^ «-**^ ^ present . 
regions from other specie 

F. Methods for ^SST^SSS^ 

Lqo r VP e swj.fcsiung-ia-lg^ transgenic 

of isotype switching in a transgen 
Th e occurrenCe ;/ nt ^f by any method Known to those 
nonhuman animal may be ^entxfxe y foll0 wing, 
• t h rt Preferred embodiments inciuae 

^ploye! either singly or £j££££ t contaln a seouence 
x . detection of f« downstrea m C, gene other 

homologous to at least one „ . transg ene V„- 

th an , and an ad,acent seg ^ by 

rearranged gene, ^ such ^ pcR 

hybridisation, 8 X nuclease p 
aB plif ication, cDNA c^ng^or 

2. detection in the serum n-cells 
su pematants of culture - ^ins encoded 

of the transgenic animal, ^ roteins can also be shown 

by ^wnst«am c genes, where ^ 

by immunochemical metnoas x. 
re9i °r. detection, in ■« «- B-cells of - transgenic 
.nim.1 or in genomic c«. fro. M«— 



30 



35 



WO 94/25585 

PCT/US94/04S80 

58 

rearrangements consistent with thp 

switching i n the tr anc occurrence of isotype 

cloning, or other method- or anpUf • gnomic 

recombinase") or Mh „ ""itching (e.g. , "switch 

-surea, or oZrllTlyZT^™ ^ ~* 
10 Ro „ ea by «»ten,porary techniques. 

Cerent s t e o" Zt "Z^"* ^ a 

because each different o^Z^^"* 

°NA sequences can affect gene e^e " tranS9ene and ««*!»» 

» «ent lfy and use llMs o/^Xr 510 "' * 1S to 
n»a„ iamunogXobuUns, part i^ ^ ° f 

contain the least number of copies 0 f t h* * M 
copy transgenics minimis th « !" ! tra » s 9e„e. Single 

allelic expression. Tr ans l. ~ ° f i-ompiete 

0 -st chromosome! ^ZZZl^TTV^^ ^ 
Propagated by subseouen*- k T 9«wline DNA and 

— ^ stoi* jet i e : r r^r 11 " 6 

"ethods known in the present art' ° rS *"* **—■«*> 

- -titutea as >Jzz:;z°iTz?: iy deveiopea - 

' Practitioner. aesired by a 

constant .ST^TS IZTl^T^ ^ — 
chains and antibodies oomor^ * ° himeric heav V 

neavy chains. S^l^Z ZiZ" 

certain uses described herein or ^ T *" £ ° r 

•rein or may be undesirable. 

G ' ^ tional "action of 
^unogiobuiin h^ S I; Z^T^ 

a inant effect bT sZ^Z^lrT *° ^ 
endogenous immunoglobuiin genes in ^TT^^ ** 
ani M1 . However, another way to ^^T^ 
-id of enaogenous antibodies il .Zl^^l! 
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, • , c i using embryonic stem cell technology and 

immunoglobulin loci. Using J lMun o,lobulin 

homologous recombination, the end g followin g describes 
repertoire can be readily e iminated loci . 

— "JZf. r — iritis the inactivation 
o£ . gencT^logous re—ion in a 
Hne that is capable of .iff.r«t-«* > copy of a mouse 
» * « — T introduced 3 - «,i o f embryonic 

r n :irs in a o iln o £ the cells, the introduced OK, 

stem cells, map m<juse gene; 

recombines with the endogenous copy lng tte 

replacing it with the altered copy^ ce ^ 
5 newiy engineered genetic lesion are injected ^ ^ 

e^ryo, which is reimplanted into a recipie 

these embryos develop into ^"^eU ti-. Therefore, 
cells entires derived from the mutant eel 11 ^ ^ 

„y breeding the chimeric «ce t s P - ^ ^ 
!0 line of mice containing the ^troduc g , . 

.reviewed by capecchi <1*S 9 , ™^^ es to only „ of 

Because the mouse X locus contrio 
the immunoglobulins, inactivation o^the to 
.-light chain leci is sufficient. There a ^ 
25 disrupt each of these loci, ^ region 

of the J-C intron enhancer, and ^ 
coding seguences by the introduc :ion.f a stop 

last option is the most ^"^f;^ disr upts B-cell 
construct design. Elimination of the gene ^ ^ 

3„ maturation thereby £or Knowing 

functional heavy chain segments. The gy 
out these loci is outlined below. taraet in, 

To disrupt the mouse „ and . genes. g ^ 
vectors -are used based on the esig (Qr 
35 co-worxers (Zijlstra, el : .1. ( > e2 . nicrog lobulin gene. 
• the successful disruption of the eo 
The neomycin resistance gene (neo, . ^ The 

is inserted into the coding region of the targ 
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PMClneo insert uses a hybrid vi „i 

to drive neo session "II 1 "' :! 0M<,ter/enhan0er "™ 
stem cells. Therefore Promoter « active ln emb 

«i«»rirr: ~ r** ~ inserti ° n ~ 

10 fairly compact in th 51 ° n - ™ E re * lon is 

construct TT V SPan " ln9 ml * ^ *>. To 

construct a gene targeting vector, a 15 th k„„t , 
containino in lk ' * b K P nI fragment 

integration of this construct vt JT, ^ C ° rre0t 
WU1 result i n ^ rspl ^ ^^Tl 
~ gene. HecomMnants are screened^ «» 
based on the neo aene *nn a g 3 P rim er 

.-~ , 0 f ^„T s : t e~r::r: *• — 

involves the same „ K^Inr T " 9<S " e ' ThiS approach 

approach. The l\ L * — d in *"» Pilous 

-gue ^jrs.t: l e inserted at a 

»' Kpm end. Double crossover events *~ t0 "» 

»eo insert, that eliminate "he Z «n. ' ^ ° f tte 

These are detect.* , 9 are then elected for. 

amplification T^LTZt? ^ * «* 

sequences and the other^ """"" " " e ° 
targeting vector ™" ! Se9UenCeS ° Utslde ° f «» 

i»»unogiLrrLi t nai aisruption ° f «- — 

mum loci is presented in the Examples. 

G ' rU Ppressing Session of 

Endogenous Im^i jn f ||| . 

In addition to functinn^i 
* i°=i- an alternative -^^^T « ~ 
« an endogenous Ig i ocus ls ^J*^?^*' 
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Ta aenes may be accomplished with antisense RNA 
endogenous ig genes may o . rsn „ eneS( by antisense 

produced from one or more integrated transgenes, y 
oligonucleotides, and/or by administration of antisera 
specific for one or more endogenous Ig chains. 

5 ^tigensr Polynucleotides, 

Antisense RNA transgenes can be employed to 

^llv knock-out expression of specif ic genes 
partially or totally knock o v iodine, 

(PeP^ et al. (im) ~ ^ ^ ' tQut , and 

Caskey, T. (1990) ^^^^^T'^Tas each of which is 
al. (1990) ?nmat Cell Moj^Genet. 16. 383, 

incorporated herein by n ^ polynucleot ides 

"Antisense polynucleotides are p y ^ ference 
15 that- (1) are complementary to all or part of a reference 
1 Te^n such as a sequence of an endogenous Ig C H or C, 
rgion, and W which specifically gene 
complementary target sequence, such as a <** 

-r . M i such complementary antisense 

additions, nations, or £ ret ained as a 

hybridization to the "levant targets « 
functional property of the polynuclect ide. « * 
antisense polynucleotides include "^-^ 
25 oligonucleotides which can a nd/or » 

individual mRNA species and prevent o£ ^ 

processing of the ^ ^'Z^^MU 

encoded polypeptide (Chmg et al.. TT « .^^j. 
^ s^oooe-iooxo ,».,), Broder et 

(199 0); Holcenberg et a ., W09 A . K090/136 41; 

("Mew hunan CRIPTO gene"); WO91/09BO , „. bv 

and E P 386563 , each of w h ich - 

reference,, « antisense seance is a p o ly uU „ 

35 se„ that is — «~ » d 

gene sequence of at leas ^ab nucleotWes in length, and 

length, typically at least t However, 
preferably more than about 30 nucleotWes in leng 
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xn some embodiments, antisense sequences may have 
substitutions, additions, or deletions as compared to the 
complementary immunoglobulin gene sequence, so long as 
specific hybridization is retained as a property of the 
5 antisense polynucleotide. Generally, an antisense sequence is 
complementary to an endogenous immunoglobulin gene sequence 
that encodes, or has the potential to encode after DNA 
rearrangement, an immunoglobulin chain. In some cases, sense 

function to suppress expression, particularly by interfering 

with transcription. 

The antisense polynucleotides therefore inhibit 
production of the encoded polypeptide^) . i„ this regard, 
antisense polynucleotides that inhibit transcription and/or 
15 translation of one or more endogenous ig loci can alter Ll 
capac.ty and/or specificity of a non-human animal to produce 
immunoglobulin chains encoded by endogenous Ig loci . 

Antisense polynucleotides may be produced from a 
heterologous expression cassette in a transfectant cell or 
transgenic cell, such as a transgenic pluripotent 
hematopoietic stem cell used to reconstitute all or part of 
the hematopoietic stem cell population of an individual, or a 
transgenic nonhuman animal. Alternatively, the antisense 
polynucleotides may comprise soluble oligonucleotides that are 

n vitf ° eXternal BlUeU ' Slther in 

xn Uta or in the circulatory system or interstitial fluid in 

M: Soluble «««»>•• polynucleotides present in the 
external milieu have been shown to gain access to the 
cytoplasm and inhibit translation of specific mRNA species. In 
» -me embodiments the antisense polynucleotides comprise 

Z T P TT °" ate BOieti6S ' alte ™ a "vely phosphorothiolates 
or O-methylribonucleotides may be used, and chimeric 
oligonucleotides may also be used (Dagle et al. (1M0) 

latoj*. ia: 4751, . For some applications, antisense 

oligonucleotides may comprise polyamide nucleic acids (Hielsen 
""J. <1991) SeiSScelM: 1437). For general methods 
relating to antisense polynucleotides, see Antisen«» 
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one or Bore endogenous x, chains ^- ^^^ ^ ^ 

10 Whether as soluble antisense ox y 

oka transcribed from an antisense transgene, the 
antisense RNA transcrib inven tion are selected so as 

antisense P-^^^^ d ^ ous xg seances at 
to hybridize preterentially to e y 

physiological conditions in xi». ««t W ^ Uy \*£ v 
1S dieted antisense polynucleotides will not apprec ab« 

hyb ridi*e to heterologous Xg seouences encoded by a h^ 
light chain transgene ot the invention (i.e.. ™* by 
oXigonucleotides will not inhibit transgene Ig expression by 
nore than about 25 to 35 percent) . 

Partial or complete suppression of endogenous !g 
chain expression can be produced by et 
antisera against one or .ore endogenous Ig cha ns «« 

» al. ,l.M, ^^^f^^rf ar selected so 
incorporated herein b, ^^-J^U-- — 

as to react specifically witn oi ™ e «-reactivity 

rr„= zzr. rr.- -»-=i - i 

according to a schedule as typmeu 3 

Tt. will suppress endogenous Ig chain expression but 

Tion of heterologous Ig chain(s) encoded by a 
permits expression of heteroi g antibody sources 

transgene of the present invention. Suitable 

35 for antibody comprise: as a monoc ional 

(l) monoclonal antibodies, sucn as. 
antibody that specifically binds to a Burine - — 
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li^ s r T rea0t " ith the hUMn immunogiobulin 
encode, by . hMan lg of ^ invent 

!• ^ ° £ SU ° h Bonoclon " antibodies, so that 
the Mature bln ds uith mulUple ^ ^ fl ' « 

e f end09en ° US 19 Chai «< ^ multiple endogenous I, chains 

multiple chains or endogenous immunoglobulins; 

(3) polyclonal antiserum or mixtures thereof 
10 ^ P a 10ally i SUCh -"tiserum/antisera is monospecific for binding 

murne ^ * end ° 9e "° US 19 ^ »-ine , 

murxne 7 , munne „ Murine „ „ ^ ^ 

endogenous Ig chain, and most preferably such antisera 

^ encoded by a transgene of the invention; and/or 

ant.h „• ( wl ° niXtUre ° f pol y clonal antiserum and monoclonal 
IT binding to a si„g le or multiple species of 

b ndTc t"o S ^ 0hai "' "* " OSt ^U 9 ible 
bindxng to human immunoglobulin chains encoded by a trLLe 

0 ore, T nU ° n - SeneraUy ' P ° lyClOMl are 
0 Purred, and such substantially monospecific polyclonal 

a™:;:in c :: : e ~ *- - 

an: itd e 9 d eriveT:r^r 9l0b : lin<S, * -«-*tl« with 

s derived from the nonhuman animal species fe a 

. ^^^-r? * a — * 

urn or purified fraction thereof on an affinity resin 

bl^ffraft ^ anti - hmi "' H i" the antiserum; the 

bound fraction „ typically eluted with conditions of low pH 
or a chaotropic salt solution) . 

emploved SePOration and /° r complement fixation can be 

dep lei 1 ofTT enhan0e " ent °' -"Erected cell 

antiboHi 6 eBbodi »ant, for example, 

an tl bod es are employed for ex vivo, depletion of murine !g- 
expressing explanted hematopoietic cells and/or B-li„eage 

Ttltll ° bt r d 3 tranS9eni = -- -"orln human 

IT Thus, hematopoietic cells and/or B-lineage 

ivmphocytes are explanted from a transgenic nonhuman "111 
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t„ transgene (preferably harboring both a 
harboring a human Ig transgene (P transgene) 

M man heavy chain transgene a, -^" ^ a „ tlbody (or 
and the explanted cells are inc immunoglobulin 
antibodies) which (1) binds to an end^g bindina to 

murine „ and/or « ana ^ transa e„e(s> . such 
numan i»uno,lobuUn chains J antlbodies . £or 

antibodies are referred t as ^ PP is selectively 
clarity. The explanted cell pop antibody(ies) ; 

depleted of cells which methods, such as 

, su ch depletion can be a - OTP ^f^ pression an tibody-bound 
(1) physical separation t ssion anti bodies uay 

cells from unbound cells (e.g., immobilize and 

be .und to a solid support orotic be^ _ ^ 
remove cells binding" t* PP ^ fay ^ 

.5 antibody-dependent cell 9 co m ple ment fixation, 

oppression antibody (eg. *£C^ _ ^ (jj 

or by a toxin linked to the s PP , ntlbo ay, and the 

clonal anergy induced by the suppress 10 n antlb 

!0 - gently, antibodies,, sed for antibody 

- f T S "i^regu^ ^ ~ such antibodies 
complement. It is fr gu veil with a convenient 

may be selected so as to react ^ „ 

complement source for e>£ 2iY_'- — ~ depletion, it is 

25 rabbit or guinea pig comp £Z^T^**~ P-ssess 

' eneraiiy f pr ::rs rtie — «~ ies; 

effector functions in we n -urine effector 

. thus, a suppression antibody generally would 

functions (e.g., M.CC and complement fixation) 

30 be preferred for use antibo dy that 

In one variation, a suppress! 

specifically binds to a P"--^^ 
immunoglobulin chain is used __ lobuUn . A 

o£ lymphocytes sa mple, from a transgenic 

35 cellular explant (e.g., W ^„ unoa iobulin transgene is 

nonhuman animal harboring a human immunogl ob ^ 
contacted with a suppression (e.g. , by 

binding to the suppression antibody are P 
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i™obil i2ation/ corapleinent fij£a 

generating . Cell subpopuiatil h ^ like) ' thUs 

• endogenous (-0^/,^^ T TV"' 
expressing murine la) th- 9 " ^hocytes" 

* pcp Ulation „ cells ^^izzvrv iwh ° cyte 

transferred i nto . im»„ocomp a «b le "I ' °™ "« 

"onhuman animal of the same T ' ' ""^"Patible, 

incapable of prodU( ^ ^ «** substantial^ 

""-1 or RAG- 2 Knockout nice 9 , r"' 1 ^ '••»-. *=» 

" <-se, can then be ta ^ rt ^ < ~ tlte,: - 

~th an antigen used to i^unize t h e V relMUn " ed 
**• <*Plant was obtainea . ™"! the donor from „ hlch 

""urea, antibodies ^^nL"^* I,,it ' ''"^ 
such B-cells may be used t Pacing such antibodies. 

« conventions cen tu " ' enerate W"*- * 

- L cel1 fusion and screened a„«--v. ^ 

f» >e used in combination with otter en^ " SUPPreSsi °" 
"activation/suppression methods 'e" 1T°T * 
lockout, D - reglon ablation ant .'^ 9 - J » *«°*out, C„ 

complete inactivation of th. desi «ble to effect 

immunoglobulin chains comprisl aT" * ^ "° ttat 
» "on-hunan „ urlne) lZ2t\ region and a 

* ^--it=hin 9 ~n 27 ^ te 

* seances,. KnoCcout mice ^! T""" "* °~ 

frequently exhibit trans-swiL^ " J « re9l °" 

>° —ranged human ^^^^f ^ 3 
« messed as a fusion p ro t e ™ C * 3 

-urine constant region, although oth^ tl " end09<m ° US 
junctions are possibl. » trans-switched 

" is generally desirable Pr ° b1 -- 
« oogenous heavy cha"" c ^^^^ «" 
"eluding but not limited to the foil * 
disrupting and/or deleting I T UoWlng: <*> functionally 

i«st one and Prefer rriiro 0 :: 109 ? "~ M »«<» * 

y "1 of the endogenous heavy chain 
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constat region genes, (2) ZXL region 

preferahly H of the -""^ * r ameshift> to produce 
,enes to encode a termination codon or * ^ _ anfl , 

I truncated or frameshifted prod * U * « ^ ^ ^ tte 
ot her methods and strategy pp-ren ^ ^ ^ ^ 

art . Ddetion of a P ^ ^ ^ 

chain constant region sequential deletion 

accepted hy " ng vect ors. especially of 

by homologous ~°« binat 7 J^e Similarly, functional 
5 the "hit-and-run" type and the 1 . d us ligh t 

abruption and/cr deletion^ ^lea^ ^ ^ 

chain locus (e.g., «) to abl e. 

— Tr"; i: iS desUe to e^y -Shifted 
, .ransgene herein the heterologous 

f rames»ift in the J segment s) ^ » „ tte 

initial region (i.e., amino consta nt region genes. 

more (preferably all) of the "™»" ge „e 
2 „ Tr ans-switching to ^ ^hift, will 

,«hich does not comprise a "^-^ ^ cesult s in the 

rr-rchrr::u zzzz - — - 

suppressing the trans-switched saDpr ession may 

I— e t,^n-a=l constant chimeric 

30 antibodies). inactivation and 

Various coBbxnatxons of t h , total 

suppression strategies may be use « expression, 
suppression of endogenous (e.g., murine) ig 

Trrm ~-<^tchina . a 

35 " TT _ av b e desirable to produce a 

in some variations, it may be a 

1nhlllin For example, such trans 
trans-switched immunoglobulin F non . ffiUrin e 
switched heavy chains can be chimeric (i.e., 
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rZd Va " able re9i ° n 3 aUrine ««t«nt region, 

Antibodies comprising such chimeric trans-svitchld 
immunoglobulins can be used for , • _ swirclled 
where it „ oc . M 3 variet y of applications 

5 constant re *° ^ * ^ < «"*») 

th h t e * 9 " for retention of effector * 

the host/ £or the presence of murine immunological 
dete such as b . nd . ng ^ Q ^ 

does not bind human constant regions) . For one examrT 

to certam antigens. Presumably the human v H , D, J„ v and 

ll7\ baVe MleCtea '« evdut on for'tleir 

abx xty to encode immunogiobulins that bind certain 

pressure to shape the human repertoire, other repertoirT 
adavantages may exist, making the human variabl^l" 
repertoire advantageous when combined with a muri^ * 
) region fa a . murine constant 

of a mJi„:-; 0 n S t a ~ lt0hed "» *»— 

oonstant rl" pL , °™ '"^ ° V ~ a 

linked to !T ^ ' a mUrine T con « t «» t " 9 ion 

Protde a„ a„ t Td Var H " e re9l ° n * *~—*-^ Ly 

c^iT^^.^Z',,' ^ ~ ™* a 

with a * (preferat >ly monoclonal) which is reactive 

with a predetermined antigen (e.o h u ««« tt -> 

be testort a . 1 9 "' human IL ~ 2 receptor) may 

luse Sprees al WhSrein T ^W***- in the 

"use express a functional human 

the human variable region ~T reCeptor ' Subsequently, 

nacie region encoding sequence may be isolate 

—i- . ,r« ;. r",:r;:'* m - - 

(e.g., from an expression vector in a 
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„ trifled for pharmaceutical formulation, 
mammalian cell) and purified^for p be used 

F or some applications, the chimeric on with a 

dire ctlv without ^»^~£^"-<* ~ 

huma n constant ^ -riat ^ ^ ^ ^ 

5 switched chimeric antibodies rfUi 

in the art. DroV ides transgenic nonhuman 

The present invention pr° vlUBO 

antibodies, ^;"»^ t n l an endog en 0 us murine hew 
L0 human heavy chain transgen ric antib odies comprise 

chain constant region gene. Such chi 

. human sequence variahie region --^ lsotype . The 

generauy a murine switch a ^ n , 
transgenic nonhuman anomals ^ also 

« ^.T^r^ -rceTntihoaUs if both 

numan variable and human constant region gen ^ 
Most typically, the animal « chain locus but 

2 „ disrupted heavy chain locus «*« o<)nstant reglon 

retains one or more endogenous heavy chain 

gene.s, capable of •f^^^: 'a mouse is 

SrnZL- antigen. usually 
25 w ith an adjuvant, and an immun, - = «^ ^ 
detectable amount of chimeric P linlced to 

chains composed of ^ ™ S^T ^-ny. «- 

murine constant region sequences IP 

serum of such an immunised ->~\«« °°"f ^ , /Bl , often 
30 antibodies at "^^SX^O ^ and up 
abou t at least 10 containing 
t0 so to 100 - ^ varlable/BOttS e constant 

antibodies ^ antibodies whic h 

region heavy chains typically (co mplete human 

35 comprise human variable/human ^ ^ d antibodl es 

. sequence, heavy *^ e| ^J^ lll composed of a 
• =rjST-S- - • — instant region <typically 
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a murine gamia) and 

<typical ly kappa) or a , mur Jr i ,t: n T n ~ ded li9ht < = hai " 
3 •»*» lockout beckground, s !l ° h " (tyPiCa11 ^ »«— • in 
antibodies generally bind to' iC '""itched 

= the imunogen) wlth y j ^ ; 1 ; p :? d t rmined anti9en 

preferably with an affinity", f " ^ 1 * 10 ' ^. 

Preferably wlth an . £ £ £ ab °« " l~t s x 10 , „-:, ^ 

or .ore. Presently th e „ * * " ^ to 1 ' " 9 

P"tein, such as l r e/alpxe a T tarBinSd ls a — 

other huaan biologica! J^^T**-"*' "-!*«). 
Protein c, carbohydrate a „ti gen sUivl \ ' • r0Bbonodull h- 
selectin), or „onhu»a„ diseases", , , a " ti,en ' L " 
"acterial LPS, virion capsid III ■acro.olecuie (e.g., 

" and the m e . C * PSli protei " or envelope glycoprotein, 

The invention provides t-—— 
-prising a genome co^isI^Ta T" ««— » *"i»als 
^ruptea endogenous heavy chL , h °»o=Wous functionally 
"urine constant region gelt" C ™ Prlsin * « least „ ne 

- ^ ci S ^ to a tun iul n 7ZlT trans -™^ C... 

»d typically to a functional " reo °»Mnation seguence 

<*ain transgene capable o "a^nT"' ' * » T 
Actional hu^n heavy chain var^T ^ end .«•— - 

trans-switching < a . g havW re9i ° n Md ""P^ 1 * °t 

transgene capable of rearranaina T ' 1Cappa ' 

light chain variable region a nd . ^ 3 f ™nal -u^n 
li*t chain; optionally IT * 

functionally disrupted endogeZ. al?" 9 3 h °»°™™ 
Preferably , and A) • and „J 9 < * aln loous <«. 

— -prising I'.ZZTZll^ ™ Sin " < 5 ' a 
""Posed of a h^an segueni * "re! ' SM - ri » ha «y chain 

hu«an transgene and a murine C on» ! enCOded " y a 

by an endogenous Murine heavy chaT re9l ° n •» 00d - 
"<••*•. rl, 72a, r2b , ?3) . instant region gene 

-pri s i ng lt:";\~« »? *~ a seru* 
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,«4 m-1 preferably with an affinity of about at / 
" M- more P LferaLy with an affinity of at least 

! x 10 7 M 1 to 1 x 10 m antibodies produced thereby 

be m ade wherein the -oc ona antibodies 
have an affinity of at least 8 xlO H ^ 
comprising a heavy chain ~^^£ X of binding to a 

and .^ t r^^1«^- — - - - 

nonhuman antigen, may also d v 

G T h a i™ wherein a human transgene encoding a human 
by trans-switching, wherein rearrangement ill 

openly 11*1* «- ^^t ^Ts net encoded by 
with . heavy — ; 'Zeis murine immunoglobulin 

said « ans ' ene ' ^ M " y ion or . heterologous (e.g.. human) 
heavy chain constant region ^ ^ ^ 

, 0 heavy chain constant regi isotype . swi tchin g by 

Whereas cis-switching refers to isotyp 

.<„ „f ess elements Klthin a transgoirc. 
recombination of RSS eie transgene RSS and 

switching involves recordation *"*»•- different 
an RSS element outside the transgene of ten on^ 
25 chromosome than the chromosome ^ an RSS of 

Trans-switching generally occurs 

an expressed transgene heavy ^.7^^^^ 
either an RSS of an endogenous ^J*£?J£ constant 
a non-, isotype, typically 7 , " often integra ted 

30 region gene contained on a second transgene, 

on a separate chromosome. Rgs q£ a 

When trans-switching occurs betwee 

0 hM w chain constant region gene 
first, expressed transgene heavy chai ^ 

(e .g., M) and an KSS of a --chimeric antibody 

35 ge ne -^^^^ -guence is produced. « 
having a substantially fui y de encoding a human 

example and not limitation, » an operably UnKed 

heavy chain constant region (e.g., 7D an 
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Rss (e.g., a T i RSS) . 

into a population of hybril ^ (e * g " trans ^te d ) 

transgenic raouse B -celf L T * 
antibody c 0fflprising a J**™ 11 ~tion, expressing an 
5 resultant nybridoj ce ^ ^ ca T b "T " ^ * ^ The 
- int rod u ced polynucleotld a^r ^ ^ « 
trans-switched antibodv ™« • • ex P re ssion of 

chain and having the c ™ ^reactivity, 0 f tte huMn 
10 P°lynucleotirt= °nstant region encoded by the (nl .„ J 

^nucleotide sequence (human -yl) ,.,.,,„ . introduced 
recombination between the RSS ot li Trans - Swlt ch 
chain and the rss of the int.™ T trans 9 ene -encoded human „ 
downstream lso tvpe g ~ P ° lynUCleo "^ encoding a 
-itched antiboay. ' T ' derate a trans- 

" such chimed tZT-tZl^ a^T 3 

Sizing with , predetermined TTi COaPrlsin « *tep o f 
comprising a genome comprising " fh * —« 
disrupted endogenous heavy chlin , hOTOZy » ous fictionally 

° -n^ant region geltpl I C ° BPrlsin ' " least one 

°f rearranging to encode a fuTctiZt anS9e " e rai>able 

variable reglon aM expressing , h *" hMVy chain 

™ capable o f undergo^,"! * ^ ^ chain 

Aching,, ana optionally S trans- 
"*t chain ( e. g ., kappa, ° 0nPriSin9 < 3 > a *-» 

^e a functional h»a„ TiZT^T* " ^"'^ *° 
region and expressing a humJ PPa) """^ liable 

optionaiiy £urther J--" -ence flight chain, and 

Erupted endogenous Ught cL \ """""re""* functionally 
Preferably both , ana - X f a „7 " «, 
W « -rum comprising n ^T" 1 * 

-ain composed o f . human 8 heavy 

a human , transgene and a murine constant ^ """^ b ^ 

encoded by an endogenous ™, C ° nStant region sequence 
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Advantageously, trans-switching (and ! «-^^> 
ta associated with the p^ss - ^^JTS 

clonal progeny of a B-ceii. r ^Mna (trans- or 

cl .-) represent a broader range of 9 unae rgone 

^ ^I'.ISS. -Lon (typicalXy 

switching. Thus, a ny antibody comprising a heavy 

clona l) chain variable region in 

0 chain «^""V £ ^ f . rst huroan heavy chain constant 
polyP eptide 1^^'^ for hybridoma cell clonal 
region (e.g., M) can b uprising a heavy chain 

variants which express an antibody c p 

^nina said first human heavy chain variable region in 

::r r;i - ^ . ------ =r . 

20 promote isotype -^^'^JJ o£ . polynucXeotide 
■„.,.. IL-4 and IFH V) . by ">» ° human) 
comprising a functional ESS and he 9 substrate for 

h eavy chain constant region gene^t serv as ^ 
trans-switching, or by a combination ot the abo 

25 llke ' ..•,,„ =nrt affinity maturation taKe place 

CXass switchin and fron ^enic 

within the same population '"^J* 1 ^ iaent ification 
animais of the present invention. * heref °* ' 

n cells (or hybridomas derived tnerci. 

monoclonal antibodies. A variety or a PF 

, * *o facilitate class switching events such as cis 
employed to facilitate trans -switching, or 

switching (™«~ "^^^ genomic fragment 

35 comprising both n and 7 °° ,.„,,i«torv elements (e.g., 

associated RSS elements and switch "gulatory 
sterile -nscript promoter, can e^s - . ^ 
However, some portions of the desired s g 
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genomic fragment can be diffi™,n- +~ . 

oe airrxcult to clone efficientlv snpi, 

or the l llt e; ln particular, the region between s and ! 3 
can prove difficult to clone effioiently> espeo . - * 

congous fragment comprising the „ gene, 7 3 gene, a V gene 
9ene se 9"ents, and J gene segments. ' 
Also for example, a discontinuous human transgene 

V e n n 1 e 9 r ) 3T " " ^ " "»» * a human 

0 Virol'' 9ene Se9 " ents ' «- *■» J 9ene segments, 

with one or more deletions of an intervening (intronicT or 
otherwrse nonessential seguence (e.g., one or more V, D, 

XT' m " ^ n °"-" "gion 

tTl S ^ Bini '— »>ve -veral advantages as compared 

spanning all of the essential elements for efficient 

imgene avoids the necessity of isolating large pieces of dna 
which may contain seguences which are difficult t! cW 

Morl^rtinil ^ — «- "*»> ■ 

switching , s 1 °° npriSin ' ™ary for isotype 

switching (e.g., human 7 sterlle ^ t » 

lit ' ° r can advantageously Undergo 

somatic mutation and class switching in vivo. As many 
eufcaryotic DNA seguences can prove diffW a cl Z 
omitting non-essential sequences can prove advantageous. 

antih^- ^ * Variation ' "ybridoma clones producing 

an ibodies having high binding affinity (e.g., at least a x 

"as" i' " lMSt 1 * 10 ° ^ "°" ~y at 

Lc^T ^ ^ h6aVy ° hain trans °«* «Pable of 
isotype switching lms , supra) and substanW > 

endogenous murine heavy chain loci capable of undergoing 
productive (in-frame, v-o-, rearrangement, hybridomas wLh 

hZan 3 CMPriSing 3 heaVy Chai " a 

linkage to a human (or mouse, non-„ heavy chain constant 
region; said antibodys are termed -switched antibodies" as 
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nrise a switched heavy chain- which is produced as a 
they comprise a switw"= 2 ^Ht-rhina in vivo or 

^ «f cis-switching and/ or trans-switching a_ - 
consequence of cis swiwui. y , 4 <.„ h ~ d antibodies 

n miture Hybridomas producing switched antioo 
xn cell culture. Hyor of somatic mutation, and 

generally have undergone the process of 

«™i of said hybridomas will generally have a d 
5 a pool of said hy ft which nybridoma clones 

of antigen binding atiinitiw 

• v.- k ,**<nitv antibodies can be selected. 

v. binding affinity (greater than 1 x ± 

having substantial binding wherein said 

* 1 v to 8 M _1 ) for a predetermined antigen and wherei 

w „-step P--- u 7 s ^ P et ^immunoglobulins which comprise a 

15 switched heavy chain (e.g., W ... binds a switched 

immobilized immunoglobulin ^~-?££V2 switched 
h eavy chain and ^ 

isotype. uu. »> • The other step » subst antial 
cells which bind to the predetermined antigen wit 
„• f^nitv (e q., by ELISA of hybridoma clone 
20 binding affinity (e.g., »y ,„ti a en. and the 

supernatants, FACS analysis using labeled 
liL, . Typically, selection of 
switched antibodies is performed prior to 

hybridoma cells which bind P^"™^^ substantial 

. :r = = f =E : i= - - 

antibodies; said monoclonal antibodies are coi 

he linisiered for therapeutic, prophylactic, and/or 

diagnostic purposes^ ^ _ ^ as . 

of DNA or RMA for isolating immunoglobulin sequences 
" ^Te oT—obuUns (e.g. a variable region, -t 

bln d to (or ^^^jSrXS e may 

Subsequently, the human variable region 
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be routed (e . g ., by aBpUfication or cDHA cloning fro» 
the source (hybrid™ clone, , and spliced to a seguencl 
encoding a desired huaan constant region to encode a hln 
s^ence antibody .ore suitable for hU]nan ~ 
5 where l,«unogenicity is preferably n ini ni2ed . Tne 

polynucleotide,*, having the resultant fully huaan encoding 
seauence ( s, can he expressed in a host cell (e. g ., 
egression vec tor in a kalian cell) and purified Z 
pharmaceutical formulation. 

0 

Xenoenh ancerc; 

A heterologous transgene capable of encoding a human 
immunoglobulin (eo =, ^ . . y numan 

a cis-li„ k „/ t ^ Chain) ^"^eously comprises 

Cis linked enhancer which is not derived -fro* the »ouse 
• and/or which is not naturally associated in cT^ 

« gene, a human J* gene, a human c* gene, and a 
intrLf „ enhanCer and/ ° r 3 »«vy chain 

the Bouse heavy chainTf ^ SeM - *" 

("63, cell 3^ 7* ^can h """^ * «*- 

of th„ ^ ~T isolated on a 0.9 kb Xbal fragment 

introl T ^ ' Th ° hu °» "eavy chainT, 

intronic enhancer (Hayday et al. (1984) 3 J ; " " 

can be delated as a 1.4 kb HluI/Hindmlr^enT see 

Addition of a transcriptionally active dancer 

essentl™;' ""* " 3 «« *— r consisting 

essentially of a hu,an intronic enhancer linked in cil to 
a -ouse intronic enhancer, can confer high levels of 

ZZlTnLTT^ — ^ -nlgene 

encodes a light chain, such as hu M „ ». simply a rat 3- 

enhancer can be advantageously included in a mini c s 

construct capable of encoding a hunan heavy chain. 

specific Prefers p^^ -nf 
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A preferred embodiment of the invention is an animal 

. m„ o in and sometimes 25-50 
containing at least one, typically 2-10, and s 
or more copies o, the transgene described in Exampl 
pHCl or pHC2) bred with an animal containing a single py 
! light chain transgene described in Example 5 6, . 

m ee tr * such animals have the following genotype: 

these three trai chromosomes) of a human 

a single copy (per ^ l0 ^ (describea in Example 12, , 

hea vy chain "™'ZZ t o chromosomes, of a rearranged 
a single copy (per haplold set ol 14) and a 

human . light chain construct (deserved » ^ 
deletion at each endogenous mouse heavy Cham locus tha 
removes all of the functional segments (describe in 
Example 10) . Such animals are bred with mice that are 
Example 10) letlon o£ the J„ segments (Examples 10) 

homozygous for the deletion u h deletion 

« <■!<>» »re homozygous for the J B deletion 

to produce offspring that are nomoaiu „™ =< .™cts 

a „/hemizygous for - ^ "J^T - 

Tod": Ta^rantibodies against these 

antigens* . 

B cells isolated from such an animal are 
monospecific with regard to t*e human heavy and ight chains 
be cause they contain only a single copy 
i furthermore, they will be monospecific with regard 

or mouse heavy chains because both endogenous mouse heavy 
chain gene copies are nonfunctional by virtue o the de eti 

. will be monospecific with .^--JZC 

^zrjrwui^. - 

exTlude the rearrangement of the endogenous mouse . and X 
chain genes in a significant fraction ^^^.^ 
The transgenic mouse of the preferred e 
5 will exhibit immunoglobulin Paction with a s gni leant 
repertoire, ideally substantially similar to tha^of J > 
mouse. Thus, for example, in embodiments where the 
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Ig genes have been inactivated, the ■ 

levels win range from ' total 11Mnunoglobulin 

Preferably o. 5 to 5 mg/ml/ ^ ^ ° f Se ™< 
When a transgene capab e of TtZli " 1 '° 
5 has been introduced into thYt t0 IgG from W 

Prefer^™ to „ % ~ ' ?rSater tha " SbOUt 

--^r^^-r^ rr ate toat — 
-r—xy 25 .o so* or »; r r G eL: al in v\ io% as hi9h ' 

thousand different- lm , generally, at least about a 
» ^ to !0 6 " ; ore „Tu7 l0bUUnS ^>< P^e raWy 

the „ UBber of v r; cea ' dependin9 prwny - 

-se ,eno»e. These i^^^£V"?"*"- ^ ^ 
about one-half or »ore of hLw anti reco^U* 
including, but not liaited t T " ° 

Protein A, sperm whale myoglobia "J™""' Bt "^-^cus 

^:;c:cr at ieast ab - 

selection of v ge^rl "^"^ *> limit the 

Predetermined a t , „ ^r 6 ?: ^ ^ "~ *» * 

— — "Pertoire^ ^ ' 

senes which are preferentially used ^ I ZT"*^' ^ V » 

the predetermined antigen tv»I T t ^ res P° ns « to 

V„ 9 e„es may be excludeTfroTa defteTj — . 

reasons haye uLlino^ ! repertoire *«r various 

V re 9ion s for the P-**^^.^/ 1 * - 

to undergo sciatic station a „d " Propensity 

isogenic to cert a i„ * « « 
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Thus prior to rearrangement of a transgene 

containi n g T :i:io p us , eavy or u f ;rr r — 

gene segments may be readily identified, e.g- ^ 
or DNA sequencing, as being fro. a spec.es of organi 

5 than the transgenic animal. ™f-rred 
Although the foregoing describes a * ref J~ ed 
• «. * thP transgenic animal of the invention, other 
embodiment of the transgenic in and m ore 

embodiments are defined by the ^f^^ £xamples . 
particularly by the transgenes described in 

• c t-ransaenic animal may be defined. 
10 Four categories of transgeni unre arranged heavy 

t Transgenic animals containmy 

and rearranged light immunoglobulin «™»»"»- 
„ Transgenic animals containing an unrearranged heavy 
and unrearranged light immunoglobulin transgene 
15 m. Transgenic animal containing rearranged heavy and an 

unrearranged light immunoglobulin ™^ ^ 
IV . Transgenic animals containing rearranged heavy 
rearranged light immunoglobulin "ansgenes 
Of these categories of transgenic ammal, the 
preferred order of preference is as follows II - - * 

gene) have been *"°<^ » where ^ endoge nous light 

TZ r^iriM i« cut and mus.be dominated by 
25 allelic exclusion. 

EXPERIMENTAL EXAMPLES 

30 al.. -Manipulating the Mouse Bmbryo: l ^rein by 

cold spring Harbor Laboratory, which is oncorp 

reference. manipulated according to 

Embryonic stem cells are mamp 

ort«r- ea fTeratocarcinomas and embryonic stem 
published procedures (Terato Robertson, ed. f IRL Press, 

35 cells: a practical approach, E.J. Robert , 5 _ 438 
. ^ n Ziilstra et al., Nature 

Washington, D.C , 1987, Z D ll 246:79 9-803 (1989), 

(1989); and Schwartzberg et al., Science 

lach 1; which is incorporated herein by reference, . 
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j Safflbro ° T n<3 Pr ° CedUreS are ca ~ied out according to 

J. Saabrook, et al. i„ Molecular Cloning: A Laboratory 
Manual, 2d ed. , 1989, Cold Spring Harbor Laboratory Press 
cold spring Harbor, N.Y., which is incorporated herein ' 
reference. 

Oligonucleotides are synthesized on an Applied Bio 
systems oligonucleotide synthesizer according to 
specifications provided by the manufacturer. 

Hybridoma cells and antibodies are manipulated 
acting to ..Antibodies: A Laboratory Manual", Ed Harlow and 
David Lane, Cold Spring Harbor Moratory (1988 >, which is 
incorporated herein by reference. 



EXAMPLE 1 

15 G enomic Heavy chain M ,, ri n Ta 

This Example describes the cloning and 
microinjection of a human genomic heavy chain immunoglobulin 
transgene which is microinjected into a murine zygotl. 

20 ,.. - " UClei isolated f «» human placental 

ZZIZ deS ° rlbea ^ MarZlU " " al - "inscription and 
Translation: A Practice! Approach", b.d. Hammes and 

S-J. Biggins, eds., pp. 89 _ 129 , irl Press, Oxford (1 985)). 

The isolated nuclei (or PBS washed human spermatocytes, are 

'» EDTA and or" t" ^ * eltlng - ^ 

wh h " Pr ° telnaSe ' to ex P°« high molecular weight DKA 

T,Z l lT ? ested in the agarose with ^ 

enzyme NotI as described by „. Plnney in ^ 
Molecular Biology (F . Ausubel, et al., eds. Jo hn Wiley S sons 
Supp. 4, 1988, Section 2.5.1). ' 
0 The Notl digested DNA is then fractionated by pulsed 

field gel electrophoresis as described by Anand et a!.! 

^-^JS,. 12:3435-3433 ,».„. tMUm enrlched 
the Not! fra9ment are assayed by Southern hybrid . 2ation 
det ct one or more of ^ sequenoes 

. and in" 06 : heaVy Chai " ° S ^ e " tS - J 

« Z t y . ° re9l ° nS " ith representatives o, al 

frlfT, * (alth ° U3h thiS £ra9 " ent is - "0 Kb 

fragment from HeLa cells by Berman et a!. we 
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have found it to be as 830 kb fragment fro. human placenta! 
sperm DMA) . Those fractions containing this Not! fragment^ 
(see Fig. 4, are pooied and cloned into the KotI site of the 
vector pYACNN in veast ceUs. B-U P™=N» s y 
digestion of P*AC-4 Heo (cook et a!.. - n Vir »c, ds pes , !*• 
H817 (1988)) with EcoEI and ligation in the presence of the 
^gonucleotide^- =i - ^ _ ^ 

are isolated as described by Brownstein et al., Science. 
~:134.-13»1 ,».,). and Green et al.. Bnr M M ^d- ^ 
^87=1213-1217 (1990). which are incorporated herein by 
Terence The cloned NotI insert is isolated from high 

:::::: ^ ^.t » by ^ tta » ^ -^nr 

as described by M. Finney, op cit. The DNA.ls condensed by 
tne addition of 1 mM spermine and microinjected directly into 
the nucleus of single cell embryos previously described. 

•RY AMPLE 2 

A map of the human . light chain has been described 
in ™ et al.. m^^^ 05=9667-9677 (1987). which 
is incorporated herein by reference. of 

A 450 Kb xhol to HotI fragment that includes all of 
C , the 3- enhancer, all J segments, and at least five 
different V segments is isolated and microiniected into the 
nucleus of single cell embryos as described in Example 1. 

RY AMPLE 3 

0 

Genomic « Light Chain Human ig T «nsgene 

A 750 kb Mlul to NotI fragment that includes all of 
the above plus at least 20 more V segments is isolated as 
described in Example 1 and digested with BssHII to produce a 

fragment of about 400 kb. 

The 450 kb Xhol to NotI fragment plus the 



40 



approximately 400 kb Mlu! to BssHII fragment have sequence 
overlap defined by the BssHII and Xhol restriction sites. 
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Homologous recombination of th „ . 

Microinjection of a mouse zygote ^tT™ ^ 

containing at least ^. results ln a transgene 

found in tne 4 o kb lit t^ 15 ' 2 ° V 
5 b ^/"otl fragment (Example 2) . 

EXAMPr.F ^ 

contains a 147 base pair insert all ^ KWch 

sites shown in „„ * " co " ta ">"9 tta. restriction 

oU,os is also sbL "„ ZT nl ° VerlaPPin ' ° f "~ 
15 The oli gonucleotides are: 

Oligo-l 5 ' - CTT /-**<~ „„„ 

20 ° ll90 ~ 2 5 ' " 2? SS atc gcg cta 

^ TCG ATA T CT AGA GCT CGA GCA -3' 

oli9 °- 3 ■"-sssssass-? 

This plasmid contain*? * i„- 
3= rare cutting KotI sites for buil!!? "° 

isolated ft. vector seouences for I- -» be 

is based on pa,^ 1 c °L *» 

c ~ to «- based PUs^id (p ;^L~ COPy 
copy number control region near th J PBR322 
« - co Py nunber reduoes 9 th n ; e - th ™ of repli catlon) . 

sequences. In addition< P ££1*™?** °* 
terminator sequence der vL Ll" " " ' transcri P«on 

^^^M 16 I ao "a n ! <ChrlStie " ^ ' ^ 
ampiciUin resistance^ene and l e ' T "» 

« — ■ «- to Xicl t y ^^-^r^ : ~ 
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preventing readthrough transcription coming fro, the 

arapicillin promoters. introduce an 

Plasmid P GP2 is derived from pGPl to xn 

/cfiT^ in the polylinker. pGPl is 
additional restriction sxte (Sfxl) xn the p y ^ 

5 digested with Mlul and S P eI to cut the recognx.x 
in the polylinker portion of the plasmxd 

The following adapter oligonucleotides are ixg 

to the thus digested pGPl to form P GP2. 

5 . CGC GTG GCC GCAATG GCC A 3 ' 
5 . CTA GTG GCC ATT GCG GCC A3' 

pGP2 is identical to pGPX except that it contains an 
additional Sfi X site Xocated between the «- »* - " 
15 This allows inserts to be completely exceed vxth 

as with Notl. 

petterS o„ et al.. « The 

incorporated herein by " £ ™> c ^ it ^d by using the 
rat IGH 3' enhancer sequence xs PCR ampin i 
25 following oligonucleotides: 

5' CAG GAT CCA GAT ATC AGT ACC TGA AAC AGO GCT TGC V 
\. Z CAT GCA CAG GAC CTG GAG CAC ACA CAG OCT TCC 

The thus formed double stranded DHA ^J' 
enhancer is cut with BamH! and sphx and clone into BamHI/sphX 
cut pGP2 to yield PRE3 (rat enhancer 3->- 

r rl . riiinrr -f Region 

35 ... c - a3s ^^^^ ° £ ^ " qion *- c Tal! 

" combining two or more fragments isolated from phage lambda 
inserts. See Fig. 9. 
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hum T A 6 ' 3 kb Ba ^/Hindlii fragment that includes all 
human J segments (Matsuda et al., ^BO^, 7:1047-1051 (1988) - 
Kavetech et al.m cell, ^583.-591 (1981) , which are (1988) ' 
incorporated herein by reference) is isolated fro, human 
5 genomac DNA library using the oligonucleotide GGA CTG TGT ccc 
TGT GTG ATG CTT TTG ATG TCT GGG GCC AAG. 

• An adjacent. 10 kb Hindlll/Bamll fragment that 
contains enhancer, switch and constant region coding exons 
(Yasui et al., Eur. J. Immunol , 19:1399-1403 (1989)) is 
10 similarly isolated using the oligonucleotide: 

CAC CAA GTT GAG CTG CCT GGT CAC AGA CCT GAG CAC CTA TGA 

i fi «i . „ ^ adjaCSnt 3 ' 1,5 to BamHI fra ^ ent is similarly 
isolated using clone pMUM insert as probe (p„u„ is 4 kb 

15 IT 7 ! 1 "" 111 iS ° lated fr ° m ^-genomic DNA library 

15 wxth oligonucleotide: -"«r<iry 

CCT GTG GAC CAC CGC CTC CAC CTT CAT 
CGT CCT CTT CCT CCT 
mu membrane exon i) and cloned into P UC19. 

20 f «. • PGP1 ^ digested with Ba ««I and Bglli followed by 
20 treatment with calf intestinal alkaline phosphatase. * 

digested ZlTT, ^ ^ (b> ^ 9 m Cloned in 

digested pGPi. A clone is then isolated which is oriented 

r l n;L 5, d BamHi site is destroyed by °*™<^ Xt 

25 Bam^a d T " ^ (SeS 10) * PMU iS di ^ ested ^h 

BamHI and fragment (c) from Fig. 9 is inserted. The 

orientation is checked with Hindlll digest. The resultant 
plasmid pHZGl (Fig . 10) contains an „ kfa ^ ^ 
and c« segments. y 

30 D - Cloninn ? f c „ Boft < „„ 

PGP! is di 9ested with BamHI and Hindlll is followed 
by treatment with caU intestina! attaline phosphatase (Pi,. 

o Pi, : 4 SO tre r d "» ° f » - !c, 

of Pig. 14 are cloned into the BamHI/Hindlll cut p G Pi. Pro ' 

35 orientation o f fr ag„ent (c , is chGcltea by Hindm digestion te 
for* pCONl containing a „ kb lnsert „ ng ^ ^ ™ *> 

Whereas pHIGi contains J segments, switch and n 
sequences in its 18 kb insert with an StiI 3. site and a Spel 
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, site in . *^^^2%JZ£ZL 

£OT TT, Z^oo^s only a » » insert. - 
it lacks the J region a fra aroent containing 

use o£ pCCi in «. — c 'hereinafter. 
5 rearranged VDJ segments will be a 

E. O-lin^t^on.i.niiea^ 

The cloning of the human T -l region 

10 Yamamura et al.. t-— — — ; of BeBbr ane bound 

U ,21S2-U56 (1986, reported the expres ^ 

_ T .i « a «~ :r r rit: — - 

deleted on integration. Their ^ 
BainHl site delineates a seguenc - ^ ^ 
» transmembrane rearranged and sw tched py ^ 

with a V-C intron of less than 5kb. * h « ef ^ ls 
prearranged, unswitched gene ^-"^^ frOT the 
included in a seance ^^J^'^L. lt is included 
end of the first constant e*on | ^ 
,0 in the »• 5.3 *b HindHI fragment ed bere in 

by reference, . 6 're^e. also reports that 

which is incorporated herein by trag-ent 

25 together with the 7.7 Kb Bin tran sgene 

include all of the sequences ve need ^ 
construct. An intronic sequence is » an - ntron of 

at least 15 contiguous nucleotides that occurs 

a specified gene. region are 

Phage clones containing ^j^^^a. 
identified and isolated using the « 
which is specific for the third exon of , I 
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TGA GCC ACG AAG ACC CTG AGG 

TCA AGT TCA ACT GGT ACG TGG 3 • 



A 7.7 K* HindXXX to BglXX 
F ig. 11) is cloned into HindXXX/BglXX cut P RE3 to for, 
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The upstream 5.3 Jc b Hindlii fr-» 

*s cloned into Hindlii digested^?™ W * ^ 

— J s e ;trr i y :;rirr id phigi — 

a transgene containing the 7^Tj< ^ ^ T ° ™* 
PHIGI „ as digested with SfU ,p re "° n *«» segments, 

" h aU0 «*-Ud With sflI to ^ PU-ld PBEG2 w as 

human c T exons and the rat 3. !1 filing 
sequences „ ere cmbined f dancer sequence. These 

region, the human o r i constanfT - >Man °" Constant 

" contained on a 3a. 5 " kb ~ 910 " "* 3 ' 

and combining that with the sfir V dl9astin 9 P«« with SfiI 
=T region and the rat 3 • e n h„ Tagnmt containing the human 
"> «iX. The resultant pLsmid T * di9eSWn9 »" 
"ctt/spex insert cent, I 1°:."°°" »' ™"s 

a 26 Jcb 

enhancer sequence. 9 ° M ' hUman ^ and the rat 3. 

depict ed wiTrr^i o 'r 1,ig the human ° Se9 * ents is 

usxng probes specific for diver ^ iS ° lated 

et al " SSU. 2:4l4i- 41 5o (1 98 8 n i' 0 " S6gUences (^hihara 

oligonucleotides are used: ^following 



DXPi: 



5 ' - TGG TAT TAG TAT GGT TCG GGG „ 

AAC car a ™ G AGT TAT TAT 

CAC AGT GTC - 3 • 

35 DXP4 • ci 

5' - GCC TGA AAT GGA CCC TCA GGG Clr 

CAC GGA CAC TGT - 3 ° "* 008 

DN4 * c 1 

5 ~ GCA GGG AGG ACA TGT TTA GCA 

HA GGA TCT GAG GCC 
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GCA CCT GAC ACC - 3 ' 

> ,2 Kb XhoX --"V^isoUted ^ ,'phage 
done identified with oligo DXP1. ^ 

. ■ "SLttSZ* *- a Phage clone 

containing DXP4, da« 

identified with oligo DXP4 ^ are COBbine d 

Fragments (b) , (c) ana \ p „iG2 which 

„ and cloned into the Xbal/XhoX site of P<=P1 

contains a X0.6 Kb insert. sequentlaU y. First, the 

Th is c oning 1 perf ^ ^ ^ £ragBent (d) of 

5.2 Kb fragment (b) in rig. alKaline phosphatase 

Fi g. 13 are treated with oalf ™" s "" Tne 

L5 and cXoned into pGPX digested „*> XhoX d ^ ^ ^ 
resultant clones are screened ^ s . 2 „. 2.2 Kb 

„ax, of those clones testing positive wi or . entation as 
inserts have the 5.2 *» -sert >n «.e p J> ^ 
determined by BamHX ^'^.^termediate plasmid 

20 ng. 13 is then cXoned nto 1 ^ 

containing £ "^ ntS ^ n ^ c 0 ned into the poiylinKer with a 
contains diversity segments cXon 
unigue 5- Sfil site and unigue 3 Spel 
poXyiinKer is fXanKed by NotX sites. 

The following describes the con seglnents . 

b eavy chain ^^^^ZZ^ " « 
An unrearranged V segme n y b ridoma 

II ro^te^reT^e^. is i~Xated using the 

following oligonucleotide: 

' 5 , . GAT CCT GGT TTA GTT AAA GAG GAT TTT 

35 ATT CAC CCC TGT GTC - 3' 
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te-d't."^,? ° f » segment ls 

H> containing the unrearranaed v ^Proximately 2 

« 3. tUMa9 se quence s. i 9 5 irr to9ether Mith 51 aM 

"t; 9 ~ seance, nectary 

is cloned into t he ZlluZTT^ ^ V ^ 
10 nVH! " e /i P ° lyUnker <* PGB2 to form pVHa . 

* in:: d d ;~ ^ an ; ^ ~ 

PHIG5 ' . S i nce BHI „ „ ™ Sf " Slte ° f I*** to form a 

PHI*. piasmid elt "ns a I S69 " entS ° nly ' ^ 
segment. Th e size ot th ""^ t0gether with "> 

» - «- -~ it ~ - «- - - 

The insert from nw-n-c ; 
Notl ana spex and isolated ll a l * dl9eStl ° n " ith 

=rx segments is digested °" tU ~ C " 

fragment containing such sconces « 1°" 
20 sequence is lsolate(J . ^J"""" ani «» rat »' enhancer 

"gated into „ otI digested DG Pit °» M »- « 

insert encoding a V segment " PHIG Whl ° h cmt <*™ 

^ents, c,, c T and"?^ T " "~' f »«i-l J 

insert is approximately 43 kb p^T" Sl " ° £ 

25 insert. X « kb plus the ,i„ of the v segment 

I- ~uction of Heavy Chain Minlloous 

by tiomoiogo,^ R. r>nf , 4n .^ 1n n 

30 phig is aPPr^l^i^T'r SeCtl °"' 0,6 lnsert ° £ 
employed. Thl s insert size is Tt ' Sl " gle V is 
Which may be readily cloned . 11 " lt of «»<= 

Provide for the use of a "eat In «*« t0 

following describes In tZ ZZ^ ' 
3= overlapping DNA f ragrnln^cT upTh T""'*" " 

within a zygote or ES cell '2 7 hOI,0logous recombination 
3. enhancer sequence the h ' tra " Sgene =ontai„i n , the rat 

nee, the human c„, the human 0,1. human , 
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. nl ^ 0 itv of human V 
segments, human D segments and a multipHcity 

segments. fraament containing huiaan J 

A 6.3 kb "Xi: cloned into Hlul/Spel 

secants (see fragment (a) in Fig. 9 > 
5 dieted PHIGS- using the following adapters. 

5« GAT CCA AGC AGT 3" 
5« CTA GAC TGC TTG 3' 
5 . CGC GTC GAA CTA 3' 
5« AGC TTA GTT CGA 3 ' 

T he result is plasmid «^J^ ins 
(overlap, . The insert contained in this plasm ^ 

pVHl is used, the size of ^ ^ ^ 

plus 2 kb- This «" rt "J^^ huBan j, c„ ,1 and rat 
insert from pHXC which contain himan , segments 

, 3 . enhancer sequences. Both i the 
vh ich provide for into the mouse zygote, in 

rvo^ol^ecrbtnation occurs gating . transgene 

^valent to the insert ^^"^ddition of a 

This approach provide s *° r ^ rforBed ^ yiso, 
multiplicity of V segments into the "ansge 

,0 L encoding a synthetic V segment repertoire i ^ 
pHIGJ at the SfiX site t< , gener ^ZJ^ ,„ and the 

— " * 'Ihi insert contains a multiplicity of V 
ins ert isolated Jhis ^ ^ ^ , segments 

segments and a from pHIG3 .. When 

35 contained on the »"* , B0Use zy g 0t e, homologous 

cointroduced into "> e nUc1 ^ vivo the transgene 

recombination occurs to generate ±n nts , multiple 

encoding multiple V segments > an . ^ ^ and 

D segments, the CM region, the Cyl r g 
40 the rat 3' enhancer sequence. 
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EXAMPLE_5 
Construct i nn nr t in**. 
A - £2nstructlon_or^ iiia&£ -ajairL M j jai ocus 

EcoRI " 8 "P tag-nt (Bantu « T * °" ^ to 
fro, phage clones using ollgo: " ^ "=729-740 ,„„,, 

is « * wlnfend S^J^f 1 - -«/*- Rested 
" Plas " i<3 *• ^ignated pEnul . ECOM SUe - T ^ "suitant 

" "»-» . constant reg^n el 'd^ ^ — 

enhancer („e yer et al ™"\ ' ld,aU »< *>» hu»a„ 3 . , ' 

- « -iaentiaea i the ri?^ ^ U 

5 contains a «w « tt e «^ : a i a rrr n ' tte — *~* 

The miniiocus is co » c * ^ enhancers, 

fragments: constructed fr 01n foU r component 

V-n -tains the human 

locUs ' Sr by anal0 ^ with the mouse 

-tains aU ^ ^/ » « «** ' 

(c) The mouse heaw „>, • . 
"olated fro- PEM (th . . 0ha « Tronic enhancer 

session or the J^T"" ^ * *"*« 

*» —11 development tZT^ " " 
transcrihea earlier than th.^jT* ° haln — « 

«e ironic . enhancer, , and St "° ">an 

" A « « -ore v se91nents . 
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The preparation of this construct is as follows. 
Human placental DNA is digested with Smal and fractionated on 
agarose gel by electrophoresis. Similarly, human placental 
DNA is digested with BaroHI and fractionated by 
electrophoresis. The 16 kb fraction is isolated from the Smal 
digested gel and the 11 kb region is similarly isolated from 
the gel containing DNA digested with BamHI. 

The 16 kb Smal fraction is cloned into Lambda FIX II 
(Stratagene, La Jolla, California) which has been digested 
with Xhol, treated with klenow fragment DNA polymerase to fill 
in the Xhol restriction digest product. Ligation of the 16 kb 
Smal fraction destroys the Smal sites and lases Xhol sites 
intact. 

The 11 kb BamHI fraction is cloned into X EMBL3 
,<Strategene, La Jolla, California) which is digested with 

BamHI prior to cloning. 

Clones from each library were probed with the Ck 

specific oligo: 

5« GAA CTG TGG CTG CAC CAT CTG TCT 
TCA TCT TCC CGC CAT CTG 3' 



A 16 kb Xhol insert that was subcloned into the Xhol 
25 cut pE/il so that Ck is adjacent to the Smal site. The 
resultant plasmid was designated pKapl. 

The above Ck specific oligonucleotide is used to 
probe the X EMBL3/ BamHI library to identify an 11 kb clone. A 
5 kb smal fragment (fragment (b) in Fig. 20) is subcloned and 
30 subsequently inserted into pKapl digested with Smal. Those 
plasmids containing the correct orientation of J segments, Ck 
and the E/x enhancer are designated pKap2. 

One or more Vk segments are thereafter subcloned 
into the Mlul site of P Kap2 to yield the plasmid pKapH which 
35 encodes the human V/c segments, the human Jk segments, the 
human Ck segments and the human Em enhancer. This insert is 
excised by digesting pKapH with NotI and purified by agarose 
gel electrophoresis. The thus purified insert is 
microinjected into the pronucleus of a mouse zygote as 
40 previously described. 
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«- - ultant plasnid is th d s gn :z;;*zT T Sfl1 site - 

segments is inserted i nf -„ P^"*. one or more V, 

SP*X sites in «' ^ ST^^- «- — « 

excise, by dlgestion with Not ™; rl ™v ns ; r r pK : pHV is 

10 P Ka P 2 is excised h v *i • ^ 6(1, The insert from 

«ese fraje::; Celtic " "* N °" "* «* 

include the j « * + * sequence of DNA that 

ae rne j k segments which is substantia iw k« 
the 5 kh c maT * substantially homologous to 

*-«e o Ku Smal fragment contained in • 

15 «*. these inserts! cap*, e*o f Y bt : lned 

"co nb i n i„g when microlnjected i n : 0 7:l\°' 

transgene encoding v., J. and c,. 0n " a 

20 EXAMPT.T! c 

This example describes the clonim, ^ ■ 
« light chain genes from cultured Ills tha ! ™ gl ° bUlin 
immunoglobulin of interest such an 
alleles of * • CeUs ma * c °*tain multiple 

aneies of a given immunoglobulin aene «*Pie 

hybrido M Bight contain fir copieHf th ^ ' ' 
0 two copies fro, the fusion parlr C enT " ^ 

f roa the original B-cel l l " 8 a " d ^ co P ies 

interest. oHhes! T th. i»uno globulin of 

i-unogLul^rL " ° nly °" e en °° des «*■ 

«» ^rr^ritr; *- fact that ™> - 

of the K light chain. 9 6 ex P resse <* copy 

A * -Double Kj-r-*^^ rpfB 

Cells from human hybridoma or 
cell line that synthesizes either le'll T ' °" 
both forms of i gM with a K * T ^ ^ SSCreted or 

4.. * llght chain are used for *-ho 

eolation of P oly A+ rna. The USed for the 

ine RNA is then used for the 
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synthesis of oligo dT primed cDNA using the enzyme reverse 
transcriptase (for general methods see, Goodspeed et al. 
(1989) Gene 76: 1; Dunn et al. (1989) ,T Biol. Chem, 264: 
13057). The single stranded cDNA is then isolated and G 
5 residues are added to the 3 • end using the enzyme 
polynucleotide terminal transferase. The G-tailed 
single-stranded cDNA is then purified and used as template for 
second strand synthesis (catalyzed by the enzyme DNA 
polymerase) using the following oligonucleotide as a prxmer: 

10 5 , - GAG GTA CAC TGA CAT ACT GGC ATG CCC 

CCC CCC CCC - 3' 



15 



20 



The double stranded cDNA is isolated and used for 
determining the nucleotide sequence of the 5 • end of the mRNAs 
encoding the heavy and light chains of the expressed 
immunoglobulin molecule. Genomic clones of these expressed 
genes are then isolated. The procedure for cloning the 
expressed light chain gene is outlined in part B below. 



B. T.i ght Chain 

The double stranded cDNA described in part A is 
denatured and used as a template for a third round of DNA 
25 synthesis using the following oligonucleotide primer: 

5' - GTA CGC CAT ATC AGC TGG ATG AAG TCA TCA GAT 

GGC GGG AAG ATG AAG ACA GAT GGT GCA - 3' 



30 



35 



40 



This primer contains sequences specific for the 
constant portion of the * light chain message (TCA TCA GAT GGC 
GGG AAG ATG AAG ACA GAT GGT GCA) as well as unique sequences 
that can be used as a primer for the PGR amplification of the 
newly synthesized DNA strand (GTA CGC CAT ATC AGC TGG ATG 
AAG) . The sequence is amplified by PCR using the following 
two oligonucleotide primers: 

5' - GAG GTA CAC TGA CAT ACT GGC ATG -3 • 
5' - GTA CGC CAT ATC AGC TGG ATG AAG -3 
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The PCR amplified sequence is then purified by gel 
electrophoresis and used as template for dideoxy sequencing 
reactions using the following oligonucleotide as a primer: 

5 5' - GAG GTA CAC TGA CAT ACT GGC ATG -3 • 

The first 42 nucleotides of sequence will then be 
used to synthesize a unique probe for isolating the gene from 
which immunoglobulin message was transcribed. This synthetic 
10 42 nucleotide segment of DNA will be referred to below as 
o-kappa . 

A Southern blot of DNA, isolated from the Ig 
expressing cell line and digested individually and in pairwise 
combinations with several different restriction endonucleases 
15 including smal, is then probed with the 32-P labelled unique 
oligonucleotide o-kappa. a unique restriction endonuclease 
site is identified upstream of the rearranged V segment. 

DNA from the Ig expressing cell line is then cut 

20 IT SmaI / nd SeC ° ' d e ' Zyffie ' ( ° r BamHI ° r K *> nI if i- S»al 

20 site inside V segment, . Any resulting non-blunted ends are 

treated with the enzyme T4 DNA polymerase to give blunt ended 

DNA molecules. Then add restriction site encoding linkers 

(BamHI, EcoRI or Xhol depending on what site does not exist in 

25 D NA T nt) ^ ^ CO ~ es P°" di »* linger enzyme to give 

25 DNA fragments with BamHI, EcoRI or Xhol ends. The DNA is then 
size fractionated by agarose gel electrophoresis, and the 
fraction including the DNA fragment covering the expressed v 
segment is cloned into lambda EMBL3 or Lambda FIX (Stratagene 
La jolia, California) . v segment containing clones are 
•0 isolated using the unique probe o-kappa. DNA is isolated from 
positive clones and subcloned into the polylinker of pKapl. 
The resulting clone is called pRKL. 



35 



EXAMPLE 7 

Isolation of Genomic Clones 
corresponding to Rearranged Expressed Copies 
° f l aununoc Tl obul i n Hoatry chain ,t r. on -~ 

This example describes the cloning of immunoglobulin 
heavy chain » genes from cultured cells of expressed and 
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immunoglobulin of interest. The procedure described in this 
example allows for the selective cloning of the expressed copy 
of a |i heavy chain gene. 

Double-stranded cDNA is prepared and isolated as 
5 described herein before. The double-stranded cDNA is 

denatured and used as a template for a third round of DNA 
synthesis using the following oligonucleotide primer: 

5' - GTA CGC CAT ATC AGC TGG ATG AAG ACA GGA GAC 
10 GAG GGG GAA AAG GGT TGG GGC GGA TGC - 3 • 

This primer contains sequences specific for the 
constant portion of the /x heavy chain message (ACA GGA GAC GAG 
GGG GAA AAG GGT TGG GGC GGA TGC) as well as^ unique sequences 
15 that can be used as a primer for the PCR amplification of the 
newly synthesized DNA strand (GTA CGC CAT ATC AGC TGG ATG 
AAG) . The sequence is amplified by PCR using the following 
two oligonucleotide primers: 

20 5* - GAG GTA CAC TGA CAT ACT GGC ATG - 3 1 

5 1 - GTA CTC CAT ATC AGC TGG ATG AAG - 3' 

The PCR amplified sequence is then purified by gel 
electrophoresis and used as template for dideoxy sequencing 
25 reactions using the following oligonucleotide as a primer: 

5 1 - GAG GTA CAC TGA CAT ACT GGC ATG - 3 • 

The first 42 nucleotides of sequence are then used 
30 to synthesize a unique probe for isolating the gene from 

which immunoglobulin message was transcribed. This synthetic 
42 nucleotide segment of DNA will be referred to below as 
o-mu. 

A Southern blot of DNA, isolated from the Ig 
35 expressing cell line and digested individually and in pairwise 
combinations with several different restriction endonucleases 
including Mlul (Mlul is a rare cutting enzyme that cleaves 
between the J segment and mu CHI) , is then probed with the 
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32-P labelled unique oligonucleotide o-mu. A unique 
restriction endonuclease site is identified upstream of the 
rearranged V segment. 

DNA from the Ig expressing cell line is then cut 
5 with Mlul and second enzyme. Mlul or Spel adapter linkers are 
then ligated onto the ends and cut to convert the upstream 
site to Mlul or Spel. The DNA is then size fractionated by 
agarose gel electrophoresis, and the fraction including the 
DNA fragment covering the expressed V segment is cloned 
10 directly into the plasmid pGPI. V segment containing clones 
are isolated using the unique probe o-mu, and the insert is 
subcloned into Mlul or Mlul/Spel cut plasmid pC0N2. The 
resulting plasmid is called pRMGH. 

15 EXAMPLE 8 

Construction of Human k Mini loci Transcrenes 
Light Chain Mini locus 

A human genomic DNA phage library was screened with 
kappa light chain specific oligonucleotide probes and isolated 

20 clones spanning the J^-c region. A 5.7 kb Clal/Xhol fragment 
containing J^l together with a 13 kb Xhol fragment containing 
J K 2-5 and C K into pGPld was cloned and used to create the 
plasmid pKcor. This plasmid contains J K l-5, the kappa 
intronic enhancer and C K together with 4.5 kb of 5' and 9 kb 

25 of 3* flanking sequences. It also has a unique 5' Xhol site 
for cloning segments and a unique 3 1 Sail site for 
inserting additional cis-acting regulatory sequences. 

V kappa genes 

30 A human genomic DNA phage library was screened with 

V K light chain specific oligonucleotide probes and isolated 

clones containing human segments. Functional V segments 
were identified by DNA sequence analysis. These clones 
contain TATA boxes, open reading frames encoding leader and 
35 variable peptides (including 2 cysteine residues) , splice 
sequences, and recombination heptamer-12 bp spacer-nonamer 
sequences. Three of the clones were mapped and sequenced. 
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Two of the clones, 65.5 and 65.8 appear to be functional, they 
contain TATA boxes, open reading frames encoding leader and 
variable peptides (including 2 cysteine residues), splice 
sequences, and recombination heptamer-12 bp spacer-nonamer 
5 sequences. The third clone, 65.4, appears to encode a V K I 
pseudogene as it contains a non-canonical recombination 
heptamer . 

One of the functional clones, Vk 65-8, which encodes 
a VkHI family gene, was used to build a light chain minilocus 
10 construct. 

pKCl 

The kappa light chain minilocus transgene pKCl (Fig. 
32) was generated by inserting a 7.5 kb XhoJ/Sall fragment 
15 containing V K 65.8 into the 5' Xhol site of pKcor. The 

transgene insert was isolated by digestion with NotI prior to 
injection. 

The purified insert was microinjected into the 
pronuclei of fertilized (C57BL/6 x CBA)F2 mouse embryos and 

20 transferred the surviving embryos into pseudopregnant females 
as described by Hogan et al. (in Methods of Manipulating the 
Mouse Embryo, 1986, Cold Spring Harbor Laboratory, New York). 
Mice that developed from injected embryos were analyzed for 
the presence of transgene sequences by Southern blot analysis 

25 of tail DNA. Transgene copy number was estimated by band 
intensity relative to control standards containing known 
quantities of cloned DNA. Serum was isolated from these 
animals and assayed for the presence of transgene encoded 
human Ig kappa protein by ELISA as described by Harlow and 

30 Lane (in Antibodies: A Laboratory Manual, 1988, Cold Spring 
Harbor Laboratory, New York) . Microtiter plate wells were 
coated with mouse monoclonal antibodies specific for human Ig 
kappa (clone 6E1, #0173, AMAC, Inc., Westbrook, ME), human IgM 
(Clone AF6, #0285, AMAC, Inc., Westbrook, ME) and human IgGl 

35 (clone JL512, #0280, AMAC, Inc., Westbrook, ME). Serum 

samples were serially diluted into the wells and the presence 
of specific immunoglobulins detected with affinity isolated 
alkaline phosphatase conjugated goat anti-human Ig 
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(polyvalent) that had been pre-adsorbed to minimize cross- 
reactivity with mouse immunoglobulins. 

Fig. 35 shows the results of an ELISA assay of serum 
from 8 mice (I.D. #676, 674, 673, 670, 666, 665, 664, and 
5 496) . The first seven of these mice developed from embryos 
that were injected with the pKCl transgene insert and the 
eighth mouse is derived from a mouse generated by 
microinjection of the pHCl transgene (described previously) . 
Two of the seven mice from KC1 injected embryos (I.D.#'s 666 
10 and 664) did not contain the transgene insert as assayed by 
DAN Southern blot analysis, and five of the mice (I.D.#'s 676, 
674, 673, 670, and 665) contained the transgene. All but one 
of the KC1 transgene positive animals express detectable 
levels of human Ig kappa protein, and the single non- 
15 expressing animal appears to be a genetic mosaic on the basis 
of DNA Southern blot analysis. The pHCl positive transgenic 
mouse expresses human IgM and igGl but not Ig kappa, 
demonstrating the specificity of the reagents used in the 
assay. 



20 



B EC2 



The kappa light chain minilocus transgene pKC2 was 
generated by inserting an 8 kb Xhoi/sall fragment containing 
V,, 65.5 into the 5» Xhol site of pKCl. The resulting 
25 transgene insert, which contains two V K segments, was isolated 
prior to microinjection by digestion with Notl. 

pKVe2 

This construct is identical to pKCl except that it 
includes 1.2 kb of additional sequence 5- of J, and is missing 
4.5 kb of sequence 3' of V K 65.8. m additional it contains a 
0.9 kb Xbal fragment containing the mouse heavy chain J-/x 
intronic enhancer (Banerji et al., Cell 23:729-740 (1983)) 
together with a 1.4 kb MluI/HindHI fragment containing the 
35 human heavy chain J- M intronic enhancer (Hayday et al., Nature 
307:334-340 (1984)) inserted downstream. This construct tests 
the feasibility of initiating early rearrangement of the light 
chain minilocus to effect allelic and isotypic exclusion. 
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siccus construct, can be generated with 
enhancers, i.e., the mouse or rat 3- Kappa or heavy charn 
enhancer (Meyer ana Keuberger, 1:1959-1964 (1989), 

Petterson et a!. Halare 344:165-168 (1990), whrch are 
5 incorporated herein by reference) . 

- rnrrn|n ~l Tight rhai '' T *-?"*° eneS ^ . . 

A Jppa light chain expression cassette was designed 
to reconstruct functionally rearranged light chain genes that 
l0 have Len amplified by POP. fro. human B-cell DNA The scheme 

is outlined in Fig. 33. ™ «** «*"" f"! 

cioned into the vector P K5nx that includes 3 7 Kb * « 
UanKin, sequences isolated from the Kappa Ught chain gene 
65.5. The VJ segment fused to the »• transcriptional 

15 sequences are then cloned into the unique Xhol 

vector pK31s that includes J.2-4, the J K intromc enhancer, c,. 
and 9 Kb of downstream sequences. The resulting 
contains a reconstructed functionally rearranged Kappa light 
nh»in transaene that can be excised with NotI for 

2 „ motion into embryos. The plasms a^««° 
sail sites at the 3- end for the insertion of additional 

acting regulatory sequences. 

Two synthetic oligonucleotides (o-130, o-131) were 
used to amplify rearranged Kappa light chain genes fro* human 
25 spleen genomic DNA. Oligonucleotide o-13! (gga coc aga 

<g,c,gg aac cat gga a(g,a, (g,a.t,c„ is complementary to the 
' region of V II family light chain genes and overlaps the 
first ATC of the leader sequence, oligonucleotide c-130 (gtg 
caa tea att etc gag ttt gac tac aga c, is complementary « a 
30 sequence approximately 150 bp 3- of J K 1 and includes an Xhol 
site These two oligonucleotides amplify a 0.7 Kb DMA 
fragment from human spleen DNA corresponding to 
V« genes joined to V segments. The PCR amplified 
digested with NcoX and Xhol and cloned individual PCP. products 
35 into the plasmid P NH03. The DNA sequence of 5 clones was 
" determine! and identified two with functional W jo nt, . open 
reading frames,, additional functionally rearranged light 
chain clones are collected. The functionally rearranged clones 
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can be individually cloned into li„h* „ • 

cassette described above (rig 33, T " ™sio„ 

with the rearranged liaht oh!' Transgenic mice generated 

-avy chain miniLl^^L^oT °™ " 
5 that express a soectr,™ „, l ^ P rodu ce a strain of mlce 

of the divers ty o ™ llZ ^ antlb0dieS ** *** ^ 
*>,„ k Primary repertoire is contributed hv 

the heavy chain, one source of light chain aiversi ^ a * 
from static mutation. Because not all lie* T 
equivalent with respect to uj 9 WiU 1,6 

10 variety of differenTh ^ t0 » ith * 

a "ferent heavy chains, different =*■-,<.. * . 
each containing different Hah* i al " erent !tni «= of mice, 
generated and tested ^h T constructs can be 

opposed to the use !f ^ °' SChe " e ' as 

the increaseTl ^iraurr ^ * 

■* comes from havin^e lilt h ttat 

chain as soon as he™ X IT *° " ith a ***** 

r.„»K- ^ aln 71)1 fining occurs This 

combxnatxon can result in an increased Lgue^cv oTT „ 
expressing fully hUBa „ an t lbo dies and tlT^ 
«. isolation of human Xg express^^" 

and PKC 2 „er\ i s^%l! 1 r dS ^ «*«. ^ 
*el electrophoresis V"™" * ~* 

into the pronuclei of fertn , -^"injected 
e-ryos and t^'T^C^E — 

EXAMPLE 9 

Sicombinitlir Kap pa T,iqh t_c h ain a Pn » K y «.^, n1nrTn „ 

r 9 enous^nr i~: n i the — 
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The strategy is to delete J K and by homologous 
recombination with a vector containing DNA sequences 
homologous to the mouse kappa locus in which a 4.5 kb segment 
of the locus, spanning the J K gene and C K segments, is deleted 
5 and replaced by the selectable marker neo. 

^ e ^tion ^ k 3PP a f crafting vector. 

The plasmid pGEM7 (KJ1) contains the neomycin 
resistance gene (neo) , used for drug selection of transfected 

10 ES cells, under the transcriptional control of the mouse 
phosphoglycerate kinase (pgk) promoter (Xbal/TaqI fragment; 
Adra et al. (1987) Gene 60: 65) in the cloning vector pGEM- 
7Zf(+). The plasmid also includes a heterologous 
polyadenylation site for the neo gene, derived from the 3 

15 region of the mouse P gk gene (PvuII/HindHI fragment; Boer et 
al., r «~*-«~n ^netics. 28:299-308 (1990)). This plasmid 
was used as the starting point for construction of the kappa 
targeting vector. The first step was to insert sequences 
homologous to the kappa locus 3- of the neo expression 

20 cassette. , -^--a 

Mouse kappa chain sequences (Fig. 20a) were isolated 

from a genomic phage library derived from liver DNA using 

oligonucleotide probes specific for the Ck locus: 

25 5- GGC TGA TGC TGC ACC AAC TGT ATC CAT CTT CCC ACC ATC CAG 
-3* 

and for the 3k5 gene segment: 

30 5- CTC ACG TTC GGT GCT GGG ACC AAG CTG GAG CTG AAA CGT AAG - 
3 ' • 

An 8 kb Bglll/sacl fragment extending 3' of the 

m ouse C K segment was isolated from a positive phage clone in 
two pieces, as a 1.2 kb Bglll/sacl fragment and a 6^ kb SacI 
35 fragment, and subcloned into BglH/Bacl digested pGEM7 (HI) 
to generate the plasmid P NEO-K3 • (Fig. 20b). 

A 1.2 kb EcoRI/SphI fragment extending 5' of the J K 
region was also isolated from a" positive phage clone. An 
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ITsTlZTZZ adaptor uas ^ - - ■»*" -1*. c 

^ AJ / m the same 5 1 tn » , . 

as the neo g ene ana the aownstre™ ,. kappa J^"^ 1 " 
5 generate pHEO-KS -3. (Fig. 20c). fences, to 

:^:::ir the pias " ia ^ «• " as 

structural sequences for the H«?v tit ~ 

m «„c , TK ^ ene bracketed bv the 

» tT^« j^tr. r^""' (tk) was 

e and the Xhol fragment from pNEO-K5'3- containing «, 
gene flanked by genomic sequences from 5. of T " 
20 was inserted into P GPib-TK to " T "* 3 ' of C *< 

J/C KI (Fia 20d > ^ 9 ^ ^Wing vector 

25 General i» p and ana1 
of a kappa ^Urir 

The ES cells used were the AB-i n«« 
»UoticaU y inactlve SNL76/? ceute^ la ;: r e s 9 ;~ „ 

Bradlev n^i i £ . .. ~ 1 layers (McMahon and 

Ceils: A Practical! »WWm1nr«n nn, n^,. ^ 

not xLtea to ^ E an:" r ble " ^ «"* « 

"2-295,, the D3 iL! « \ Per et al - U987) a"' 

- 42. 27-45), and the CCE i in . (Kobertson et al . 
(1986) NatU£g 323: 445-44>n t.h~ „ 

mouse iTZl Z } * 6 success of generating a 

— - ~~ r::::: — - 
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ability, once injected into a host ; to participate 

in embryogenesis and contribute to the germ cells 

resulting animal). _ u vary 

The pluripotence of any given ES cell 11 

, nrior to gene targeting, a portion or w f . 

5 Pr °' eny " The Kappa chain inactivation vector J/C Kl was 
digested Z »oS - V -ctr rr into ..cells .the 

* 1 5 x 10 6 cells/dish. After 24 hours, G418 
0 density of 1-2 x 10 cens/ to 

(2 00Ma/»l of active component, and ™« <°- 5 ^ e to deve iop 
the medium, and drug-resistant clones were allowed 
over 10-H days. Clones were picked, trypsin ,e^ de^ 
into two portions, and further expanded. Half of 
I5 derived from each clone were then frozen and the other^ h 
analyzed for homoiogous recombination between vector and 
tar ,et seguences. ^ _ ^ ^ ^ s uthern blot 
hybridization. 0- was isoiated fr om the c ones » 

Xbal and probed with the »uu of 

„„ ta , This probe detects a 3.7 KB xoai 
in Pig. 20e as probe A. Tms p ,,, m „ stic u Kb band 

fragment in the wild type locus, and a 1 
in Tlocus which has -mologously recombine wit - 

recombination into one of the Kappa genes. These 
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25 



30 



35 



were further digested with the enzymes Bgln, Sacl ', and Ps „ 
Z^uZl T " Pr ° b6d Wlth «~ic BOO bp 

EcoRI/Xbal fragment (probe A) , Bglii, SacI , and PstI P t£ 

~ ty r DNA produoe fra ~ ° f ^ - '*r 

»ould be mdicated by fragments Qf 2 W 
respectively (see Fig. 20a ana e , . M1 7 p Eitlve ^ 
detected by the Xb aI digest shewed the expected Ba llet 
reco^ a : eStrlCtl0n of a hoi go 

blT a „T 10n " ^ ^ li9ht Chaln - In ^"ion. Southern 
blot analysis of an Asil digest of the targeted clones usinaa 
neo specific probe (probe B, rig. 20e) gene * ratelS l~T" * 

* I ITTIZT"! " 4 " *~»^«-t theses 
each contained only a si „ ale copy of the targeting vector. 

^^iL^ls^arino t„ c <„^., n 

»w " 1Ve ° £ ^ tar9ete<i Es clones described in the 
previous section were thawed and injected into C57B 1,*7 
blastocysts as described (Bradley, A. (l 98 7, in 

atf^", *<**Wed7 (Oxford: «. press,, p . 113 . 151) 

,ler«e nS cn rred - int ° *** ^ ° f ^°P«*™t feLles to ' 
generate chimeric mice resun-i«« • 

, . . ^ Wice resu -Ltang from a mixture of cells 

est led " Zl ZZT i0n t0 0hiaeraS OM ^ 
fro* the ES cTu T 9 ° U " color « i =n- derived 

<» the ES cell u„e, on the black C57B1/6J background 
Approx lnat el y half of the offspring resulting frol blalcyst 
section of the targeted clones were chimeric (i e s^wed 
agouti as well as black pigmentation, and of th se X 
-jority showed extensive (,o percent or greater, E s «\l 
Z ""TV 0 °° at - -i BS cells "an X, 

were Zl due t' """^ " ™~ ^ 

lie L cell „T °° nVerSi0n ° f feMle ™* "ionised by 
male ES cells. Male oh i n eras derived fro„ 4 of the 5 taraetel 
clones were bred with c 57BL/6J females and ^ off 
.encored for the presence of the dominant agouti coat color 
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indicative of germline transmission of the ES <^°». e ' 
indicative or g consistently generated 

Chimeras from two of these ox was 

c : nrp onlv one copy of tne jcapF° 
ago uti offspring Since only HT^ ^ ^ ^ , 50 

targeted » the loous . screening for 

s percent chance o£ i" he ™ ^ rn blot analy sis ol 

the targeted gene was earned out ny 

were bred together and the kappa 
station. ^Xir t -i"- - *~* lbea ab ° Ve - " 
15 9 fed "e genomes were derived fro. the heterozygote 

TtCr-:^ j: :: P ; - x 

ffii ce was verified by hybridization of the Southern * 

hybridization of the J K probe wa ^^^ina signal was 

heterozygous and wild-type '^^ Z ™^ ° £ * 
25 present in the honozygotes, attesting t 

Lei mouse strain in which both copies of the »»» 
have been inactivated by deletion as a result of targets 

mutation . 

EXAMPLE 10 

30 « rhain nrnr bV T*™nr»1naous 

jTi ^r^nn of th* Mouse Gene 

***®*™ s example describes the inactivation of the 
endogenous murine immunoglobulin heavy The 
35 homologous recombination in embryonic ste* (ES ce 

• v« hoI^p the endogenous heavy cnain => y 
strategy is to delete the e g containing he avy chain 

homologous recombination with a vector c 
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sequences from which the J H reaion 

-placed by the gene for t ^°"^ been -It- and 

6 sele ctable marker neo. 

*~ D3 ES cen llne ;:i ir™: ph r library ^ 

S^-JLS^. £3:9065-9069 U986H n ££85^^^ 
Oligonucleotide probe- ' ' US1 " 9 * J H< ^fic 

10 

- ** ATC CTA ^ ACT ACT GGG GTC MG ^ CCT raG rci CCG 

* sa c I/snal dlgeste n„: a r" eione and sabcioned 

designated pocl8 . The nao ^ 01 /J s eSUltln ' **~U was 

^ teug selection of t^JLTaT^T" 5ene (neo) ' used 

repaired version of the ' WaS derived fr °» a 

literature (VenofsKv « S^T" 7 ' * ta «" 

0 -OUS^l «: 3435-3439^ do ' EESa -S«Si-Aaa^ £ii 

coding se, U e„oes o s lraT e " tS ^^^^o 
-eluding the co nstruct e ^ e °r:2„a USed eXP ™ Sim 
1«1 U. 503- 512) Mhlcn s P erv ed as I" ^ CaPP6 ° hl ( " 87 > 
used i„ pGEM7 (KJl) . Thls J" " tte SOUrce 01 the neo gene 

-e neo gene pLuct JX^^?"" ^ * 
restriction fra™^ repaired by replacing a 

Hinam site in <•>,. vild-type neo clone. Th e 

sice m the prepared pGEM7 ricjii „, 
sail site by addition of a svnJl converted to a 

session cassette excisedT^ adaPt ° r ' "* tte ne ° 
— « the neo fragl w ITZTT: «- 
«>e Klenow for» of Dm ^2, * 
-Cloned into the Kae/sitl " 
Plas^id pucie J„- neo ,„<,. 21b)- gene ™ting the 

Further construction of the t.™.» ■ 
carried out i„ a derivative of the tar9etlng vect ° r "as 
digested with the restriction ^ PGPlb — 

-Uo„i ng oligonucieotrran^t:;" "* ~ 
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5 ' - GGC CGC TCG ACG ATA GCC TCG AGG CTA TAA ATC TAG AAG AAT 
TCC AGC AAA GOT TTG GC -3 ' 

The resulting plasmid, called pGMT, was used to 
build the mouse immunoglobulin heavy chain targeting 
construct.^ ^ ^ ^ ^ (TK) 

gene was included in the construct in order to allow for 
enrichment of ES clones hearing homologous recomb nt as 
described by Mansour et al. (BaiaXS 348-352 (1988)). 

ZZ gene was obtained fro, the plasmid PGEM7 ,TK, by 
Igestion with EcoH! and HindUI. The TK DNA fragment was 
subcloned between the EcoRI and HindUI sites of pGMT. 
creating the plasmid pGMT-TK (rig. 21c) . 

To provide an extensive region of homology to the 
target seguence, a 5.9 Kb genomic Xbal/Xhol fragment, seated 
"It the a„ region, was derived from a positive 
done by limit digestion of the DNA with Xnol 
digestion with Xbal. As noted in Fig. 21a, this Xbal site is 
Z present in genomic DNA, but is rather derived fro. phage 
Ernies immediately flanking the cloned gnomic heavy chain 
insert in the positive phage clone. The fragment was 
subcloned into Xbal/Xhol digested pG«T-TK, to generate the 

plasmid P GHT-TK-J H 5' (Fig. 21d) . ,_-,«» 

The final step in the construction involved the 
excision from P«C18 ,,,-neo of the 2.8 Kb EcoRI fragment which 
contained the neo gene and flanking genomic sequences 3 
j This fragment was blunted by Klenow polymerase and 
subcloned into the similarly blunted Xhol site of 
,0 pGMT-TK-V. The resulting construct, J B K 01 (Fig. 

contains 6.9 Kb of genomic sequences flanking the J„ locus 
with a 2.3 Kb deletion spanning the J„ region into which has 
b en inserted the neo gene. Fig. 21f shows the 
an endogenous heavy chain gene after homologous recombination 
35 with the targeting construct. 
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EXAMPLE 11 
generation and .n»l„.<. „ f t . ro .^ ,p 

AB-1 ES cells (McMahon and Bradley CgU 
62 = 1073-1085 ,„,„„ „ e re grown on mitotically inactive 
5 SHL76/7 cell feeder layers essentially as described 

^^^f^^- '■•>• ~son, ed. (oxford: IRL 

prior toZ l~ ,- *" deSCrlb6d ^ ^ PrSViOUS 
prior to electroporation of ES cells with the targeting 

10 construct V oi, the pluripotency of the ES cells was 

- d h o r inea K? y 9eneratiOT ° f A*" 1 chimeras which were 

shown capable of germline transmission of the ES genome. 

The heavy chain inactivation vector J„K01 was 
dusted with NotI and. electroporated into- AB-l cells by the 
15 methods described ( „asty et al., ^ aso:243-246 ^ 
Electroporated cells were plated into 100 mm dishes t a 
density o, !- 2 x 10 « cells/dish. After 24 hours, G4 18 
Uoomg/ml of actlve COBponent) Md rao 

20 *■■-«-*«* clones were allowed to develop 

Z P o2LT' ^ PiCkea ' ™""*>. «vided into 

two portions, and further expanded. Half of the cells derived 

clone were frMen ana *- -»» -'v - 

for homologous recombination between vector and target 

sequences. y 

25 hvb.^- . D " A analySiS " aS Carried out b * *>»«>«» blot 

(Laird !t 7', "* ^ 1S ° lated Cl ° neS as 

wi^ stuz , ; (1 T' W ^ 1* digested 

With stui and probed with the 500 bp EcoRI/stu! fragment 

30 fraT\ / S ^ * ^ Pig - 21£ - 1,118 ««*• ^ects a stui 
ragment of 4.7 Kb in the wild-type locus, whereas a 3 Kb band 
« diagnostic of homologous recombination of endogenous 

thG tar,eting vector ,see Fi '- 2ia — «• of 

b t "Id" T d ° Ubly -~ si — «K— ™ed by Southern 
blot hybridization, 12 were found to contain the 3 kb fragment 
35 diagnostic of recombination with the fa>™*< * "agment 

wll:n tne targeting vector. That 
these clones represent the expected targeted events at the J 
locus ,as shown in Fig. 2 lf, was confirmed by further 
digestion with HindHl, S pe! and Hpal. Hybridization of probe 
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A (see Fig. 21f) to Southern blots o £ Hindlll. •"J."* 1 
digested DNA produces bands of 2.3 Kb, »10 Kb, and 'ir- 
respectively, for the wild-type locus (see Fig. »»> - 
bands of 5.3 Kb, 3.S Kb. and 1.9 Kb, respectively are 
expected for the targeted heavy chain locus (see Pig 21f> . 
7l 12 positive clones detected by the StuI digest shewed the 
predicted HlndlH, Spel, and Hpa! bands diagnostic of a 
targeted J, gene. In addition, Southern blot analysis of a 
Stul diges't of all 12 clones using a neo-specific probe (probe 
, B Fig. 21f) generated only the predicted fragment of 3 Kb, 
demonstrating that the clones each contained only a single 
copy of the targeting vector. 

^Hn,.,f -i ce carr ying thejl,, , deletioj 
5 Three of the targeted ES clones described in the 

previous section were thawed and injected into C57BL/6J 
blastocysts as described (Bradley, A. (1987) in 

Ancroacji, E.J. Robertson, ed. (Oxford: XH. Press, 
0 and transferred into the uteri of pseudopregnant 

extent of ES cell contribution to the chimera was visually 
lifted fro. the amount of agouti coat coloration, denved 
from the ES cell line, on the blacK C57BL/6J background. Half 
of the offspring resulting from blastocyst inaction of two of 
5 the targeted clones were chimeric (i.e., showed agouti as well 
as black pigmentation) ; the third targeted clone did not 
generate any chimeric animals. The majority of the chimeras 
showed significant (approximately 50 percent or greater) ES 
cell contribution to coat pigmentation. Since the AB-1 ES _ 
„ cells are an XV cell line, most of the chimeras were male, 
to sex conversion of female embryos colonized by male ES 
cells. Males chimeras were bred with C57BL/6J females and the 
offspring monitored for the presence of the dominant agoutx 
coat color indicative of germline transmission of the ES 
35 genome. Chimeras from both of the clones «wt«t« 

generated agouti offspring. Since only one copy of the heavy 
chain locus was targeted in the injected ES clones each 
agouti pup had a 50 percent chance of inheriting the mutated 
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locus, screening for the targeted gene was carried out by 
Southern blot analysis of Stul-digested DNA from tail 
biopsies, using the probe utili Z ed in identifying targeted ES 
clones (probe a, Fig. 21f ) . As expected, approximately 50 
5 percent of the agouti offspring showed a hybridizing stul band 
of approximately 3 kb in addition to the wild-type band of 4.7 
kb, demonstrating germline transmission of the targeted J H 
gene segment. 

In order to generate mice homozygous for the 
10 mutation, heterozygotes were bred together and the heavy chain 
genotype of the offspring determined as described above. As 
expected, three genotypes were derived from the heterozygote 
matings: wild-type mice bearing two copies of the normal J H 
locus, heterozygotes carrying one targeted jcopy of the gene 
15 and one normal copy, and mice homozygous for the J H mutation. 
The absence of J H sequences from these latter mice was 
verified by hybridization of the Southern blots of Stul- 
digested DNA with a probe specific for J H (probe C, Fig. 21a). 
Whereas hybridization of the J H probe to a 4 . 7 kb fragment in 
20 DNA samples from heterozygous and wild-type siblings was 

observed, no signal was present in samples from the J H -mutant 
homozygotes, attesting to the generation of a novel mouse 
strain in which both copies of the heavy chain gene have been 
mutated by deletion of the J H sequences. 

>5 

EXAMPLE 12 
Heavy Chain M jnilocus Transapn ? 

A * Construction Of Plasmid ver>.nr S for nlnnjng large HW& 
sequences 

0 1. PGPla 

The plasmid pBR322 was digested with EcoRl and Styl 
and ligated with the following oligonucleotides: 

oligo-42 5'- caa gag ccc gcc taa tga gcg ggc ttt ttt ttg cat 
= act gcg gcc get -3 • 

oligo-43 5'- aat tag egg ccg cag tat gca aaa aaa age ccg etc 
att agg egg get -3' 
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The resulting plasmid, pGPla, is designed for 
cloning very large DNA constructs that can be excised by the 
rare cutting restriction enzyme NotI. It contains a NotI 
restriction site downstream (relative to the ampicillin 
5 resistance gene, AmpR) of a strong transcription termination 
signal derived from the trpA gene (Christie et al., Prop. 
Natl. Acad. Sci. USA 78:4180 (1981)). This termination signal 
reduces the potential toxicity of coding sequences inserted 
into the NotI site by eliminating readthrough transcription 

10 from the AmpR gene. In addition, this plasmid is low copy 
relative to the pUC plasmids because it retains the pBR322 
copy number control region. The low copy number further 
reduces the potential toxicity of insert sequences and reduces 
the selection against large inserts due to DNA replication. 

15 The vectors pGPlb, pGPlc, pGPld, and pGPlf are derived from 
pGPla and contain different polylinker cloning sites. The 
polylinker sequences are given below 



20 pGPla 

NotI 
GCGGCCGC 

25 pGPlb 

NotI Xhol Clal BamHI Hindlll NotI 

GCggccgcctcgagatcactatcgattaattaaggatccagcagtaagcttgcGGCCGC 

30 

pGIlc 

NotI Smal Xhol Sail Hindlll BamHI SacII NotI 
35 GCggccgcatcccgggtctcgaggtcgacaagctttcgaggatccgcGGCCGC ^ 

pGPld 

40 NotI Sail Hindlll Clal BamHI Xhol NotI 
GCggccgctgtcgacaagcttatcgatggatcctcgagtgcGGCCGC 

pGPlf 

45 NotI Sail Hindlll EcoRI Clal Kpnl BamHI Xhol NotI 

GCggccgctgtcgacaagcttcgaattcagatcgatgtggtacctggatcctcgagtgcGGCCGC 
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Each of these plasmids can be used for the construction of 
large transgene inserts that are excisable with NotI so that 
the transgene DNA can be purified away from vector sequences 
prior to microinjection, 

5 

2. pGPlb 

pGPla was digested with NotI and ligated with the 
following oligonucleotides: 

10 oligo-47 5'- ggc cgc aag ctt act get gga tec tta att aat cga 
tag tga tct cga ggc -3 ' 

oligo-48 5'- ggc cgc etc gag ate act ate gat taa tta agg ate 
cag cag taa get tgc -3 1 

The resulting plasmid, pGPlb, contains a short 
polylinker region flanked by NotI sites. This facilitates the 
construction of large inserts that can be excised by NotI 
20 digestion. 



3. pGPe 

The following oligonucleotides: 

25 oligo-44 5'- etc cag gat cca gat ate agt ace tga aac agg get 
tgc -3' 

oligo-45 5 f - etc gag cat gca cag gac ctg gag cac aca cag cct 
tec -3' 

30 

were used to amplify the immunoglobulin heavy chain 3' 
enhancer (S. Petterson, etal*, Nature 344 :165-168 (1990)) 
from rat liver DNA by the polymerase chain reaction technique. 

35 The amplified product was digested with BamHI and 

SphI and cloned into BamHI/SphI digested pNN03 (pNN03 is a pUC 
derived plasmid that contains a polylinker with the following 
restriction sites, listed in order: NotI, BamHI, Ncol, Clal, 
EcoRV, Xbal, SacI, Xhol, SphI, PstI, Bglll, EcoRI, Smal, Kpnl, 

40 Hindlll, and NotI). The resulting plasmid, pRE3, was digested 
with BamHI and Hindlll, and the insert containing the rat Ig 
heavy chain 3 1 enhancer cloned into BamHI/Hindlll digested 
pGPlb. The resulting plasmid, pGPe (Fig. 22 and Table 1), 
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contains several unique restriction sites into which sequences 
can be cloned and subsequently excised together with the 3' 
enhancer by NotI digestion. 
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TABLE 1 




>@3!®§s!ee of vessor pGPe. 
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B . construction of Icffl expressing mini locus transqene, pIGMl, 
1. isolation of J-tx constant reai o " clones and construction 
of pJMl 

5 A human placental genomic DNA library cloned into 

the phage vector XEMBL3 / SP6/T7 (Clonetech Laboratories, Inc., 
Palo Alto, CA) was screened with the human heavy chain J 
region specific oligonucleotide: 

10 oligo-1 5«- gga ctg tgt ccc tgt gtg atg ctt ttg atg tct ggg 

gcc aag -3 1 

and the phage clone Xl-3 isolated. A 6 kb Hindlll/Kpnl 
15 fragment from this clone, containing all six J segments as 
well as D segment DHQ52 and the heavy chain J-M intronic 
enhancer, was isolated. The same library was screened with 
the human ft specific oligonucleotide: 

20 oligo-2 5'- cac caa gtt gac ctg cct ggt cac aga cct gac cac 
eta tga -3' 

and the phage clone X2.1 isolated. A 10.5 kb Hindlll/Xhol 
25 fragment, containing the » switch region and all of the m 
constant region exons, was isolated from this clone. These 
two fragments were ligated together with KpnI/XhoI digested 
pNN03 to obtain the plasmid pJMl. 



30 2. pJM2 

A 4 kb Xhol fragment was isolated from phage clone 
X2.1 that contains sequences immediately downstream of the 
sequences in pJMl, including the so called E/x element involved 
in 5-associated deleteon of the m in certain IgD expressing 
35 B-cells (Yasui et al., J. Immunol . 19:1399 (1989), which 

is incorporated herein by reference) . This fragment was 
treated with the Klenow fragment of DNA polymerase I and 
ligated to Xhol cut, Klenow treated, pJMl. The resulting 
plasmid, P JM2 (Fig. 23), had lost the internal Xhol site but 
retained the 3' Xhol site due to incomplete reaction by the 
Klenow enzyme. pJM2 contains the entire human J region, the 
heavy chain J-/i intronic enhancer, the n switch region and all 
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of the „ constant region exons, as well as the two 0.4 kb 
direct repeats, a M and £„, involved in ,_ associated deletion 
of the n gene. 

5 3 ' Isolation of n regi on oWs a nd an,^^ ^ r nn 
The following human D region specific 
oligonucleotide: 

OU9 °" 4 a« 22 ta ° tat tC * W «»t tat tat aac cac 



10 



15 



was used to screen the human placenta genomic library for D 
regaon clones. Phage clones X4.1 and \4. 3 were isolated. A 
5.5 kb Xhol fragment, that includes the D elements D K1/ D M1 
and D (ichihara et al., MB0_J. 2 :4141 (1988» , was isofaUd 
from phage clone X4.1. An adjacent upstream 5.2 kb Xhol 
fragment, that includes the D elements D tR1 , Dvoi o and 
D A1/ was isolated from phage clone X4.3. Each of these D 
20 region Xhol fragments were cloned into the Sail site of the ' 
Plasmid vector P SP72 (Promega, Madison, WI, so as to destroy 
the Xhol site linking the two sequences. The upstream 
fragment was then excised with Xhol and Smal, and the 
downstream fragment with EcoRV and Xhol. The resulting 
isolated fragments were ligated together with Sail digested 
PSP72 to give the plasmid pDHl. pDHl contains a 10.6 kb 
insert that includes at least 7 D segments and can be excised 
with Xhol (5«) and EcoRV (3»). 

30 4. PCOR1 

The plasmid pJM2 was digested with Asp718 (an 
isoschizomer of Kpnl) and the overhang filled in with the 
Klenow fragment of DNA polymerase I. The resulting DNA was 
then digested with Clal and the insert isolated. This insert 
35 was ixgated to the XhoI/EcoRV insert of pDHl and Xhol/Cla! 
digested pGPe to generate pCORl (Fig. 24). 

5. PVH253 

An , u A 10 ' 3 kb gnomic HindHI fragment containing the 
two human heavy chain variable region segments v H 2 51 and V H !0 5 
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(Humphries et al., Nature 311:446 
incorporated herein by reference) 
give the plasmid pVH251. 



(1988) , which is . 

was subcloned into pSP72 to 



5 6. pIGMl 

The plasmid pCORl was partially digested with Xhol 
and the isolated Xhol/Sall insert of P VH251 cloned into the 
upstream Xhol site to generate the plasmid pIGMl (Fig. 25). 
pIGMl contains 2 functional human variable region segments, at 

10 least 8 human D segments all 6 human J H segments, the human 
J-M enhancer, the human a M element, the human M switch region, 
all of the human n coding exons, and the human Em element, 
together with the rat heavy chain 3' enhancer, such that all 
of these sequence elements can be isolated on a single 

15 fragment, away from vector sequences, by digestion with NotI 
and microinjected into mouse embryo pronuclei to generate 
transgenic animals. 

C. instruction of TaM an * TaG exposing minilocus 

20 transaene. pHCl 

1. isolation of y cons ent, region clones 

The following oligonucleotide, specific for human Ig 

g constant region genes: ^ 

25 oligo-29 5'- cag cag gtg cac acc caa tgc cca tga gcc cag aca 
ctg gac -3' 

was used to screen the human genomic library. Phage clones 
129.4 and X29.5 were isolated. A 4 kb HindHI fragment of 

30 phage clone X29.4, containing a y switch region, was used to 
probe a human placenta genomic DNA library cloned into the 
phage vector lambda FIX™ II (Stratagene, La Jolla, CA) . Phage 
clone XSgl.13 was isolated. To determine the subclass of the 
different 7 clones, dideoxy sequencing reactions were carried 

35 out using subclones of each of the three phage clones as 
templates and the following oligonucleotide as a primer: 



oligo-67 5'- tga gcc cag aca ctg gac -3' 
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10 



15 



20 



25 



30 



35 



Phage clones X29.5 and Xs 7 i.i3 were both determined 
to be of the 71 subclass. 

2. p 7 el 

A 7.8 kb Hindlll fragment of phage clone X29.5, 
containing the 7 l coding region was cloned into pUC18. The 
resulting plasmid, pLTl, was digested with Xhol, Klenow 
treated, and religated to destroy the internal Xhol site. The 
resulting clone, pLTlxk, was digested with Hindlll and the 
insert isolated and cloned into pSP72 to generate the plasmid 
clone pLTlxks. Digestion of pLTlxks at a polylinker Xhol site 
and a human sequence derived BamHI site generates a 7.6 kb 
fragment containing the 7 1 constant region coding exons. This 
7.6 kb XhoI/BamHI fragment was cloned together with an 
adjacent downstream 4.5 kb BamHI fragment from phage clone 
X29.5 into XhoI/BamHI digested pGPe to generate the plasmid 
clone p 7 el. p 7 el contains all of the 7 i constant region 
coding exons, together with 5 kb of downstream sequences, 
linked to the rat heavy chain 3« enhancer. 

3 . p 7 e2 

A 5.3 kb Hindlll fragment containing the 7 i switch 
region and the first exon of the pre-switch sterile transcript 
(P. Sideras et al. (1989) Internal nn a1 i mmun m . 1 63 i) was 
isolated from phage clone Xs 7 i.i 3 and cloned into pSP72 with 
the polylinker Xhol site adjacent to the 5- end of the insert, 
to generate the plasmid clone ps 7 is. The Xhol/Sall insert of 
ps 7 ls was cloned into Xhol digested p 7 el to generate the 
plasmid clone P7 e2 (Fig. 26) . P7 e2 contains all of the 7 l 
constant region coding exons, and the upstream switch region 
and sterile transcript exons, together with 5 kb of downstream 
sequences, linked to the rat heavy chain 3- enhancer. This 
clone contains a unique Xhol site at the 5' end of the insert. 
The entire insert, together with the Xhol site and the 3' rat 
enhancer can be excised from vector sequences by digestion 
with Notl. 



WO 94/25585 



PCT/US94/04580 



10 



15 



25 



119 

4. pHCl 

The plasmid pIGMl was digested with Xhol and the 43 
kb insert isolated and cloned into Xhol digested pge2 to 
generate the plasmid pHCl (Fig. 25) . pHCl contains 2 
functional human variable region segments, at least 8 human D 
segments all 6 human J H segments, the human J-m enhancer, the 
human an element, the human /i switch region, all of the human 
H coding exons, the human Em element, and the human 71 
constant region, including the associated switch region and 
sterile transcript associated exons, together with the rat 
heavy chain 3' enhancer, such that all of these sequence 
elements can be isolated on a single fragment, away from 
vector sequences, by digestion with NotI and microinjected 
into mouse embryo pronuclei to generate transgenic animals. 



D. Construction of IgM and IaG expressing minilocus 
transaene . pHC2 

1. isolation of human heavy c hain V region gene VH49.8 

The human placental genomic DNA library lambda, FIX™ 
20 II, Stratagene, La Jolla, CA) was screened with the following 
human VHl family specific oligonucleotide: 



oligo-49 5'- gtt aaa gag gat ttt att cac ccc tgt gtc etc tec 
aca ggt gtc -3' 



Phage clone X49.8 was isolated and a 6.1 kb Xbal 
fragment containing the variable segment VH49.8 subcloned into 
pNN03 (such that the poly linker Clal site is downstream of 
30 VH49.8 and the polylinker Xhol site is upstream) to generate 
the plasmid pVH49.8. An 800 bp region of this insert was 
sequenced, and VH49.8 found to have an open reading frame and 
intact splicing and recombination signals, thus indicating 
that the gene is functional (Table 2) . 
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tsjjZ .-aJLanZTZ^JJJ ^...jj^v... -^xa^^alTCCC ral««.-.«;i«ni». 



SffiAAEil^ SJ?^IT33 r^^TTGSSv G^TCSCXS. 200 



— -i AnGnnGZCZC TGaSGZnCrt. GZTZnTCnCC ^SS.^r-r. om ?50 

MetAsnteT 



^.onjoi. w^.«».._«;xvj wxoj^c^ZnG CZnGsGOCSaL CCQCCTim 300 

r-Z^ArcPh eLsuPhsVal ValAlaAlaA lalfcr 

ic ~szgs5s.cc csrmsszz -aorrgaam cgarz^sn: 350 



GlyValGln SerGlnValG lnLeuValGL 

GiLiUaa^' GasszsaSi AGariuia'ii: ciUia ' iiaft aG jici'j^iuja 450 

nSerGLyAla GluValLysL ysProGlySe rSerValLys ValSerCysL 
flSSul'lUIUa AaSSCCZ^: aSCaGS5ffl5 C^All^ GZIG GoilaJ SOG 500 
ya A laSe rG l yGlyThrPhe SerSerTyrA ialleSerTr pValArgGln 
\ * * * •- - l U a fl C AflGuoL'l'lUA G I GaAlUJL^ fla^JAlLU. OaiCZIGS 550 
AiaProGlyG lnGlyLeuGl uTrpMetGIy ArgllelleP roIleLeuGl 

TsasssMc iraboGR Asi'iuaoss caGJdcaos snaccsis soo 

ylle AlaAs n TyrAlaGlnL ysPheGlnGI yArgValEir IleThiAiaA 

GBGuSCRGCI TGRGCBGuET GaaiCIG»3 650 

spLysSerTh rSerBuAla TyrfrfetGl uL euSerS^-rf^ uArgSerGlu 
GBCB0333u3 TG3SnSCIu TQ03SGaGr£^SS3EGSA AfiCCSOIC 700 
AspBnftl aV alTvrTvrC v sAlaArg 

r rmmvr qgsssag ctsztsigz ogstssgs 750 



A3HXSOG3 ui'ITAlTAGS TTTMCSZTG TTTZOAAAX GSSITKIKm 800 
OT3JffiAAA AA 812 



Sequence aOxuman femttr gene V H 49.8 



WO 94/25585 



PCT/US94/04S80 



10 



121 

2. pV2 

A 4 kb Xbal genomic fragment containing the human 
V H IV family gene V H 4-21 (Sanz et al., EMBO J., 8:3741 (1989)), 
subcloned into the plasmid pUC12, was excised with Smal and 
Hindlll, and treated with the Klenow fragment of polymerase I. 
The blunt ended fragment was then cloned into Clal digested, 
Klenow treated, pVH49.8. The resulting plasmid, pV2, contains 
the human heavy chain gene VH49.8 linked upstream of VH4-21 in 
the same orientation, with a unique Sail site at the 3' end of 
the insert and a unique Xhol site at the 5' end. 



3. pSyl-5 ' 

A 0.7 kb Xbal/Hindlll fragment (representing 
sequences immediately upstream of, and adjacent to, the 5.3 kb 

15 -yl switch region containing fragment in the plasmid p?e2) 
together with the neighboring upstream 3.1 kb Xbal fragment 
were isolated from the phage clone XSgl.13 and cloned into 
Hindlll/Xbal digested pUC18 vector. The resulting plasmid, 
pS7l-5', contains a 3.8 kb insert representing sequences 

20 upstream of the initiation site of the sterile transcript 
found in B-cells prior to switching to the 71 isotype (P. 
Sideras et al., t international Immunol. 1:631 (1989)). Because 
the transcript is implicated in the initiation of isotype 
switching, and upstream cis-acting sequences are often 

25 important for transcription regulation, these sequences are 
included in transgene constructs to promote correct expression 
of the sterile transcript and the associated switch 
recombination . 

30 4. PVGE1 

The PS7I-5' insert was excised with Smal and 
Hindlll, treated with Klenow enzyme, and ligated with the 
following oligonucleotide linker: 

35 5'- ccg gtc gac egg -3' 

The ligation product was digested with Sail and ligated to 
Sail digested pV2. The resulting plasmid, pVP, contains 3.8 
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kb of 7I switch 5" flanking sequences linked downstream of the 
two human variable gene segments VH49.8 and VH4-21 (see Table 
2), The pVP insert is isolated by partial digestion with Sail 
and complete digestion with Xhol, followed by purification of 
the 15 kb fragment on an agarose gel. The insert is then 
cloned into the Xhol site of P7e2 to generate the plasmid 
clone pVGEl (Fig- 27) . pVGEl contains two human heavy chain 
variable gene segments upstream of the human 71 constant gene 
and associated switch region. A unique Sail site between the 
variable and constant regions can be used to clone in D, J, 
and /x gene segments. The rat heavy chain 3* enhancer is 
linked to the 3 * end of the yl gene and the entire insert is 
flanked by NotI sites. 

5. pHC2 

The plasmid clone pVGEl is digested with Sail and 
the Xhol insert of pIGMl is cloned into it. The resulting 
clone / pHC2 (Pig. 25) , contains 4 functional human variable 
region segments, at least 8 human D segments all 6 human J H 
segments, the human J-m enhancer, the human a/x element, the 
human p switch region, all of the human fx coding exons, the 
human X41 element, and the human 71 constant region, including 
the associated switch region and sterile transcript associated 
exons, together with 4 kb flanking sequences upstream of the 
sterile transcript initiation site. These human sequences are 
linked to the rat heavy chain 3 1 enhancer, such that all of 
the sequence elements can be isolated on a single fragment, 
away from vector sequences, by digestion with NotI and 
microinjected into mouse embryo pronuclei to generate 
transgenic animals. A unique Xhol site at the 5 f end of the 
insert can be used to clone in additional human variable gene 
segments to further expand the recombinational diversity of 
this heavy chain minilocus. 

E. Transgenic mice 

The NotI inserts of plasmids pIGMl and pHCl were 
isolated from vector sequences by agarose gel electrophoresis. 
The purified inserts were microinjected into the pronuclei of 
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fertilized (C57BL/6 x CBA) F2 mouse embryos and transferred the 
surviving embryos into pseudopregnant females as described by 
Hogan et al. (B. Hogan, F. Costantini, and E. Lacy, Methods of 
Manipulating the Mouse Embryo, 1986, Cold Spring Harbor 
5 Laboratory, New York) . Mice that, developed from injected 

embryos were analyzed for the presence of transgene sequences 
by Southern blot analysis of tail DNA. Transgene copy number 
was estimated by band intensity relative to control standards 
containing known quantities of cloned DNA. At 3 to 8 weeks of 

10 age, serum was isolated from these animals and assayed for the 
presence of transgene encoded human igM and IgGl by ELISA as 
described by Harlow and Lane (E. Harlow and D. Lane. 
Antibodies: A Laboratory Manual, 1988, Cold Spring Harbor 
Laboratory, New York).. Microtiter plate wells were coated 

15 with mouse monoclonal antibodies specific for human IgM (clone 
AF6, #0285, AMAC, Inc. Westbrook, ME) and human IgGl (clone 
JL512, #0280, AMAC, Inc. Westbrook, ME). Serum samples were 
serially diluted into the wells and the presence of specific 
immunoglobulins detected with affinity isolated alkaline 

20 phosphatase conjugated goat anti-human Ig (polyvalent) that 
had been pre-adsorbed to minimize cross-reactivity with mouse 
immunoglobulins. Table 3 and Fig. 28 show the results of an 
ELISA assay for the presence of human IgM and IgGl in the 
serum of two animals that developed from embryos injected with 

25 the transgene insert of plasmid pHCl. All of the control non- 
transgenic mice tested negative for expression of human IgM 
and IgGl by this assay. Mice from two lines containing the 
plGMl NotI insert (lines #6 and 15) express human IgM but not 
human IgGl. We tested mice from 6 lines that contain the pHCl 

30 insert and found that 4 of the lines (lines #26, 38, 57 and 
122) express both human IgM and human IgGl, while mice from 
two of the lines (lines #19 and 21) do not express detectable 
levels of human immunoglobulins. The pHCl transgenic mice 
that did not express human immunoglobulins were so-called G Q 

35 mice that developed directly from microinjected embryos and 
may have been mosaic for the presence of the transgene. 
Southern blot analysis indicates that many of these mice 
contain one or fewer copies of the transgene per cell. The 
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detection of human i gM in the serum of pIGM1 transgenics 
human IgM and i gG i in pHCl transgenics, provides evidence that 
the transgene sequences function correctly in directing VDJ 
joming, transcription, and isotype switching. One of the 
animals (#18) was negative for the transgene by Southern blot 
analyse, and showed no detectable levels of human IgM or 
IgGl. The second animal (#38) contained approximately 5 
co pies of the transgene, as assayed by Southern blotting, and 
showed detectable levels of both human Ig M and IgGl. The 
results of ELISA assays for 11 animals that developed from 
transgene injected embryos is summarized in the table below 
(Table 3). 



TABLE 3 

SrSy^isrLL'y ™" 19G1 ln se ™° °* ^-sg^lc 

. . approximate 
*r^™ a -> s * n 3 ected transgene 

im±mal# transgene copies per rHI hjnnan^ hx m ar L _i aS1 
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1 
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pIGMl 


0 
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pIGMl 


0 
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0 
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pIGMl 


0 
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pIGMl 
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+ + 
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pHCl 


0 
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pHCl 


1 




21 


pHCl 


<1 




26 


pHCl 


2 




38 


pHCl 


5 
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+ 
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Table 3 shows a correlation between the presence of 
integrated transgene DNA and the presence of transgene encoded 
immunoglobulins in the serum. Two of the animals that were 
5 found to contain the pHCl transgene did not express detectable 
levels of human immunoglobulins. These were both low copy 
animals and may not have contained complete copies of the 
transgenes, or the animals may have been genetic mosaics 
(indicated by the <1 copy per cell estimated for animal #21) , 

10 and the transgene containing cells may not have populated the 
hematopoietic lineage. Alternatively, the transgenes may have 
integrated into genomic locations that are not conducive to 
their expression. The detection of human IgM in the serum of 
pIGMl transgenics, and human IgM and IgGl in pHCl transgenics, 

15 indicates that the transgene sequences function correctly in 
directing VDJ joining, transcription, and isotype switching. 



F. cDNA clones 

To assess the functionality of the pHCl transgene in 

20 VDJ joining and class switching, as well the participation of 
the transgene encoded human B-cell receptor in B-cell 
development and allelic exclusion, the structure of 
immunoglobulin cDNA clones derived from transgenic mouse 
spleen mRNA were examined. The overall diversity of the 

25 transgene encoded heavy chains, focusing on D and J segment 
usage, N region addition, CDR3 length distribution, and the 
frequency of joints resulting in functional mRNA molecules was 
examined. Transcripts encoding IgM and IgG incorporating 
VH105 and VH251 were examined. 

30 polyadenylated RNA was isolated from an eleven week 

old male second generation line-57 pHCl transgenic mouse. 
This RNA was used to synthesize oligo-dT primed single 
stranded cDNA. The resulting cDNA was then used as template 
for four individual PCR amplifications using the following 

35 four synthetic oligonucleotides as primers: VH251 specific 

oligo-149, eta get cga gtc caa gga gtc tgt gec gag gtg cag ctg 
(g,a,t,c); VH105 specific o-150, gtt get cga gtg aaa ggt gtc 
cag tgt gag gtg cag ctg (g,a,t,c) ; human gammal specific 
oligo-151, ggc get cga gtt cca cga cac cgt cac egg ttc; and 
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human mu specific oligo-152, cct get cga ggc age caa egg cca 
cgc tgc teg. Reaction 1 used primers 0-149 and o-l51 to 
amplify VH251-gammal transcripts, reaction 2 used o-149 and o- 
152 to amplify VH251-mu transcripts, reaction 3 used o-150 and 
5 o-15l to amplify VH105-gammal transcripts, and reaction 4 used 
o-150 and o-152 to amplify VH105-mu transcripts. The 
resulting 0.5 kb PGR products were isolated from an agarose 
gel; the /x transcript products were more abundant than the y 
transcript products, consistent with the corresponding ELISA 
data (Fig. 34). The PCR products were digested with Xhol and 
cloned into the plasmid pNN03 . Double-stranded plasmid DNA 
was isolated from minipreps of nine clones from each of the 
four PCR amplifications and dideoxy sequencing reactions were 
performed. Two of the clones turned out to be deletions 
containing no D or J segments. These could not have been 
derived from normal RNA splicing products and are likely to 
have originated from deletions introduced during PCR 
amplification. One of the DNA samples turned out to be a 
mixture of two individual clones, and three additional clones 
did not produce readable DNA sequence (presumably because the 
DNA samples were not clean enough) . The DNA sequences of the 
VDJ joints from the remaining 30 clones are compiled in Table 
4. Each of the sequences are unique, indicating that no 
single pathway of gene rearrangement, or single clone of 
transgene expressing B-cells is dominant. The fact that no 
two sequences are alike is also an indication of the large 
diversity of immunoglobulins that can be expressed from a 
compact minilocus containing only 2 V segments, 10 D segments, 
and 6 J segments. Both of the V segments, all six of the J 
segments, and 7 of the 10 D segments that are included in the 
transgene are used in VDJ joints. In addition, both constant 
region genes (mu and gammal) are incorporated into 
transcripts. The VH105 primer turned out not to be specific 
for VH105 in the reactions performed. Therefore many of the 
clones from reactions 3 and 4 contained VH251 transcripts. 
Additionally, clones isolated from ligated reaction 3 PCR 
product turned out to encode IgM rather than IgG; however this 
may reflect contamination with PCR product from reaction 4 as 
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the DNA was isolated on the same gel. An analogous 
experiment, in which immunoglobulin heavy chain sequences were 
amplified from adult human peripheral blood lymphocytes (PBL) , 
and the DNA sequence of the VDJ joints determined, was 
recently reported by Yamada et al. ( J- Exp. Med . 173:395-407 
(1991), which is incorporated herein by reference). We 
compared the data from human PBL with our data from the pHCl 
transgenic mouse. 
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G. J segment: choice 

Table 5 compared the distribution of J segments 
incorporated into pHCl transgene encoded transcripts to J 
segments found in adult human PBL immunoglobulin transcripts. 
The distribution profiles are very similar, J4 is the dominant 
segment in both systems, followed by J6. J2 is the least 
common segment in human PBL and the transgenic animal. 



10 



15 



20 



TABLE 5 



Segment 

Jl 
J2 
J3 
J4 
35 
36 



j. Segment Choice 

Percent Usage (± 3%) 
HC1 transgenic Human PBL 



7 
3 
17 
44 
3 
26 



100% 



1 
<1 

9 
53 
15 
22 



100% 



H. D segment choice 

25 49% (40 of 82) of the clones analyzed by Yamada et 

al. incorporated D segments that are included in the pHCl 
transgene. An additional 11 clones contained sequences that 
were not assigned by the authors to any of the known D 
segments. Two of these 11 unassigne'd clones appear to be 

30 derived from an inversion of the DIR2 segments which is 
included in the pHCl construct. This mechanism, which was 
predicted by Ichihara et al. (EMBQ J. 2:4141 (1988)) and 
observed by Sanz f j. Immunol . 147:1720-1729 (1991)), was not 
considered by Yamada et al. (J. Exp. Med. 173:395-407 (1991)). 

35 Table 5 is a comparison of the D segment distribution for the 
pHCl transgenic mouse and that observed for human PBL 
transcripts by Yamada et al. The data of Yamada et al. was 
recompiled to include DIR2 use, and to exclude D segments that 
are not in the pHCl transgene. Table 6 demonstrates that the 

40 distribution of D segment incorporation is very similar in the 
transgenic mouse and in human PBL. The two dominant human D 
segments, DXP'l and DN1 , are also found with high frequency in 
the transgenic mouse. The most dramatic dissimilarity between 
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the two distributions is the high frequency of DHQ52 in the 
transgenic mouse as compared to the human. The high frequency 
of DHQ52 is reminiscent of the D segment distribution in the 
human fetal liver. Sanz has observed that 14% of the heavy 
5 chain transcripts contained DHQ52 sequences. If D segments 
not found in pHCl are excluded from the analysis, 31% of the 
fetal transcripts analyzed by Sanz contain DHQ52. This is 
comparable to the 27% that we observe in the pHCl transgenic 
mouse . 

10 

TABLE 6 

D. Segment 

DLR1 

DXP1 

DXP'l 

DAI 

DK1 

DN1 

DIR2 

DM2 

DLR2 

DHQ52 
-> 



1 • Functionality of VDJ -joints ~ 

Table 7 shows the predicted amino acid sequences of 
the VDJ regions from 30 clones that were analyzed from the 
pHCl transgenic. The translated sequences indicate that 23 of 
the 30 VDJ joints (77%) are in-frame with respect to the 
variable and J segments. 



D Segment Choice 

Percent Usage (± 3%) 
HC1 transgenic: Human PBL 

<1 - <1 

3 6 

25 19 
<1 12 

7 12 

12 22 

7 4 

<1 2 

3 4 

26 2 
17 17 

100% 100% 
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TABLE 7 
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Functionality of V-D-J Joints 
FR3 CDR3 
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J " CDR3 length di g <-riw^ n 

Table 8 compared the length of the CDR3 peptides 
from transcripts with in-frame VDJ joints in the pHCl 
transgenic mouse to those in human PEL. Again the human PEL 
5 data comes from Yamada et al. The prof iles are similar, with 
the transgenic profile skewed slightly toward smaller CDR3 
peptides than observed from human PBL. The average length of 
CDR3 in the transgenic mouse is 10.3 amino acids. This is 
substantially the same as the average size reported for 
10 authentic human CDR3 peptides by Sanz ( J. Immunm . 147:1720- 
1729 (1991)). 



15 



TABLE 8 CDR3 Length Distribution 



#amino acids in CDR3 



3-8 

20 9 _ 12 

13-18 
19-23 
>23 

»5 



transaenie 


Human PBL 


26 


14 


48 


41 


26 


37 


<1 


7 


<1 


1 


100% 


100% 



EXAMPLE n 
Rearranged Heavy chain Tr ane r,nn ae 

A * l50 lation of Rearranged Human Hoa^i c hajn vn , T 

Two human leukocyte genomic DNA libraries cloned 
into the phage vector XEMBL3/SP6/T7 (Clonetech Laboratories, 
Inc., Palo Alto, CA) are screened with a 1 kb PacI/HindlU ' 
fragment of Xl.3 containing the human heavy chain J- M intronic 
enhancer. Positive clones are tested for hybridization with a 
mixture of the following V H specific oligonucleotides: 

oligo-7 5 '-tea gtg aag gtt tec tgc aag gca tct gga tac acc 

ttc acc-3 1 

oligo-8 5 .-tec ctg aga etc tec tgt gca gec tct gga ttc acc 

ttc agt-3 ' 
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Clones that hybridized with both V and J-/x probes 
are isolated and the DNA sequence of the rearranged VDJ 
segment determined, 

5 b. Construction of rearranged human heavy chain transqenes 
Fragments containing functional VJ segments (open 
reading frame and splice signals) are subcloned into the 
plasmid vector pSP72 such that the plasmid derived Xhol site 
is adjacent to the 5- end of the insert sequence. A subclone 

10 containing a functional VDJ segment is digested with Xhol and 
Pad (Pad, a rare-cutting enzyme, recognizes a site near the 
J-m intronic enhancer) , and the insert cloned into XhoI/PacI 
digested pHC2 to generate a transgene construct with a 
functional VDJ segment, the J-/x intronic enhancer, the \i 

15 switch element, the m constant region coding exons, and the yl 
constant region, including the sterile transcript associated 
sequences, the 71 switch, and the coding exons. This 
transgene construct is excised with NotI and microinjected 
into the pronuclei of mouse embryos to generate transgenic 

20 animals as described above. 

EXAMPLE 14 

Light Chain Transqenes 
A. Construction of Plasmid vectors 
25 1. Plasmid vector pGPlc 

Plasmid vector pGPla is digested with NotI and the 
following oligonucleotides ligated in: 

oligo-81 5'-ggc cgc ate ccg ggt etc gag gtc gac aag ctt teg 
30 agg ate cgc-3 * 

oligo-82 5»-ggc cgc gga tec teg aaa get tgt cga cct cga gac 

ccg gga tgc-3 1 

3 5 The resulting plasmid, pGPlc, contains a poly linker with Xmal, 
Xhol, Sail, Hindlll, and BamHI restriction sites flanked by 
NotI sites. 
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2. Plasmid vector pGPld 

Plasmid vector pGPla is digested with NotI and the 
following oligonucleotides ligated in: 

5 oligo-87 5--ggc cgc tgt cga caa get tat cga tgg ate etc gag 

tgc -3' (i 

i 

oligo-88 5'- ggc cgc act cga gga tec ate gat aag ctt gtc gac 
age -3« 



10 



The resulting plasmid, pGPld, contains a polylinker with Sail 
Handlll, Clal, BamHI, and Xhol restriction sites flanked by 



NotI sites. 



15 B * Isolatio n of J/r and Ck r1nn Ce 

A human placental genomic DNA library cloned into 
the phage vector XEMBL3/SP6/T7 (Clonetech Laboratories, Inc., 
Palo Alto, CA) was screened with the human kappa light chain'j 
region specific oligonucleotide: 



20 



25 



oligo-36 5'- cac ctt egg cca agg gac acg act gga gat taa acg 
taa gca -3 1 

and the phage clones 136.2 and 136.5 isolated. A 7.4 kb Xhol 
fragment that includes the J K 1 segment was isolated from 
136.2 and subcloned into the plasmid pNN03 to generate the 
Plasmid clone P 36.2. A neighboring 13 kb Xhol fragment that 
includes Jk segments 2 through 5 together with the Ck gene 
segment was isolated from phage clone 136.5 and subcloned into 
30 the plasmid P NN03 to generate the plasmid clone p36.5. 

Together these two clones span the region beginning 7.2 kb 
upstream of JkI and ending 9 kb downstream of Ck. 

C - Construction of rearranged light nh a | n trans„»n oc 
55 1. pCKl, a Ck vector for expressing rearranged variable 
segments 

The 13 kb Xhol insert of plasmid clone P 36.5 
containing the Ck gene, together with 9 kb of downstream 
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sequences, is cloned into the Sail site of plasmid vector 
pGPlc with the 5" end of the insert adjacent to the plasmid 
Xhol site. The resulting clone, pCKl can accept cloned 
fragments containing rearranged VJk segments into the unique 
5' Xhol site. The transgene can then be excised with NotI and 
purified from vector sequences by gel electrophoresis. The 
resulting transgene construct will contain the human J-Ck 
intronic enhancer and may contain the human 3' k enhancer. 



10 



2. pCK2, a C/c vector with heavy chain enhancers for 
expressing rearranged variable segments 

A 0.9 kb Xbal fragment of mouse genomic DNA 
containing the mouse heavy chain J-M intronic enhancer (J. 
Banerji et al., Cell 33:729-740 (1983)) was subcloned into 
15 pUC18 to generate the plasmid pJH22.1. This plasmid was 
linearized with SphI and the ends filled in with Klenow 
enzyme. The Klenow treated DNA was then digested with HindHI 
and a 1.4 kb Mlul/Hindlll fragment of phage clone Xl.3 
(previous example) , containing the human heavy chain J-M 
20 intronic enhancer (Hayday et al., Nature 307:334-340 (1984)), 
to it*. The resulting plasmid, pMHEl, consists of the mouse 
and human heavy chain J-/t intronic enhancers ligated together 
into pUC18 such that they are excised on a single 
BamHI/Hindlll fragment. This 2.3 kb fragment-is isolated and 
25 cloned into pGPlc to generate pMHE2 . pMHE2 is digested with 
Sail and the 13 kb Xhol insert of p36.5 cloned in. The 
resulting plasmid, P CK2, is identical to pCKl, except that the 
mouse and human heavy chain J-/x intronic enhancers are fused 
to the 3- end of the transgene insert. To modulate expression 
of the final transgene, analogous constructs can be generated 
with different enhancers, i.e. the mouse or rat 3' kappa or 
heavy chain enhancer (Meyer and Neuberger, EMB0 J . , 
8:1959-1964 (1989); Petterson et al., Nature, 344:165-168 
(1990)). 



30 



35 



3. Isolation of rearranged kappa light chain variable 
segments 
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Two human leukocyte genomic DNA libraries cloned 
into the phage vector XEMBL3 /SP6/T7 (Clonetech Laboratories, 
Inc., Palo Alto, CA) were screened with the human kappa light 
chain J region containing 3.5 kb Xhol/Smal fragment of p36.5. 
5 Positive clones were tested for hybridization with the 
following V/c specific oligonucleotide: 

oligo-65 5»-agg ttc agt ggc agt ggg tct ggg aca gac ttc act 
etc acc ate agc-3 ' 

10 

Clones that hybridized with both V and J probes are isolated 
and the DNA sequence of the rearranged VJ* segment determined. 

4. Generation of transgenic mice containing rearranged human 
15 light chain constructs. 

Fragments containing functional VJ segments (open 
reading frame and splice signals) are subcloned into the 
unique Xhol sites of vectors pCKl and pCK2 to generate 
rearranged kappa light chain transgenes. The transgene 
20 constructs are isolated from vector sequences by digestion 
with Notl. Agarose gel purified insert is microinjected into 
mouse embryo pronuclei to generate transgenic animals. 
Animals expressing human kappa chain are bred with heavy chain 
minilocus containing transgenic animals to generate mice 
25 expressing fully human antibodies. 

Because not all VJk combinations may be capable of 
forming stable heavy-light chain complexes with a broad 
spectrum of different heavy chain VDJ combinations, several 
different light chain transgene constructs are generated, each 
30 using a different rearranged VJk clone, and transgenic mice 
that result from these constructs are bred with heavy chain 
minilocus transgene expressing mice. Peripheral blood, 
spleen, and lymph node lymphocytes are isolated from double 
transgenic (both heavy and light chain constructs) animals, 
35 stained with fluorescent antibodies specific for human and 
mouse heavy and light chain immunoglobulins (Pharmingen, San 
Diego, CA) and analyzed by flow cytometry using a FACScan 
analyzer (Becton Dickinson, San Jose, CA) . Rearranged light 
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chain transgenes constructs that result in the highest level 
of human heavy/ light chain complexes on the surface of the 
highest number of B cells, and do not adversely affect the 
immune cell compartment (as assayed by flow cytometric 
5 analysis with B and T cell subset specific antibodies) , are 
selected for the generation of human monoclonal antibodies. 

D . construction ^ nnraarr * ™™* light chain minilocus 
transgenes 

10 i. pJCKl, a 3k, Ck containing vector for constructing 
minilocus transgenes 

The 13 kb Ck containing Xhol insert of p36.5 is 
treated with Klenow enzyme and cloned into HindHI digested, 
Klenow-treated, plasmid pGPld. A plasmid clone is selected 
15 such that the 5' end of the insert is adjacent to the vector 
derived Clal site. The resulting plasmid, p36.5-ld, is 
digested with Clal and Klenow-treated. The J«l containing 7.4 
kb Xhol insert of P 3 6. 2 is then Klenow-treated and cloned into 
the Clal, Klenow-treated p36.5-ld. A clone is selected in 
20 which the P 36.2 insert is in the same orientation as the P 36.5 
insert. This clone, pJCKl (Fig. 34), contains the entire 
human Jk region and Ck, together with 7.2 kb of upstream 
sequences and 9 kb of downstream sequences. The insert also 
contains the human J-Ck intronic enhancer and may contain a 
25 human 3- k enhancer. The insert is flanked by a unique 3- 
Sail site for the purpose of cloning additional 3« flanking 
sequences such as heavy chain or light chain enhancers. A 
unique Xhol site is located at the 5' end of the insert for 
the purpose of cloning in unrearranged Vk gene segments. The 
30 unique Sail and Xhol sites are in turn flanked by NotI sites 
that are used to isolate the completed transgene construct 
away from vector sequences. 

2. Isolation of unrearranged Vk gene segments and generation 
35 of transgenic animals expressing human Ig light chain protein 
The Vk specific oligonucleotide, oligo-65 (discussed 
above) , is used to probe a human placental genomic DNA library 
cloned into the phage vector 1EMBL3/SP6/T7 (Clonetech 
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Laboratories, inc., Palo Alto, CA) . Variable gene segments 
from the resulting clones are sequenced, and clones that 
appear functional are selected, criteria for judging 
functionality include: open reading frames, intact spli ce 
5 acceptor and donor sequences, and intact recombination 

sequence. DNA fragments containing selected variable gene 
segments are cloned into the unique Xhol site of plasmid pJCKl 
to generate minilocus constructs. The resulting clones are 
digested with NotI and the inserts isolated and injected into 
10 mouse embryo pronuclei to generate transgenic animals. The 
transgenes of these animals will undergo v to J joining in 
developing B-cells. Animals expressing human kappa chain are 
bred with heavy chain minilocus containing transgenic animals 
to generate mice expressing fully human antibodies. 



15 



EXAMPLE 15 
Genomic HPavy Chain Hnmsn Tq Tran^on. 

This Example describes the cloning of a human 
genomic heavy chain immunoglobulin transgene which is then 
introduced into the murine germline via microinjection into 
zygotes or integration in ES cells. 

Nuclei are isolated from fresh human placental 
tissue as described by Marzluff, w.F., et al. (1985) 

OR Trans cH P Hon and Translation- A » r r „ '„ p 

25 Hammes and S.J. Higgins, eds., pp. 89-129, IRL Press, Oxford,. 
The isolated nuclei (or PBS washed human spermatocytes) are 
embedded in 0.5% low melting point agarose blocks and lysed 
with 1 mg/ml proteinase K in 500mM EDTA, i% SDS for nuclei or 
with img/ml proteinase K in 500mM EDTA, i% SDS, lOmM DTT for 
30 spermatocytes at 50'C for 18 hours. The proteinase K is 

inactivated by incubating the blocks in 40 M g/ml PMSF in TE for 
30 minutes at 5 0 o C> and then washing extensively with TE The 
DNA is then digested in the agarose with the restriction 
enzyme NotI as described by M . Finney in C urrent Protocol. ^ 
35 Molecular_Biplogy ( F . Ausubel et al., eds. John Wiley & Sons 
Supp. 4 , 1988, e.g., Section 2.5.1). 

The NotI digested DNA is then fractionated by pulsed 
field gel electrophoresis as described by Anand et al., Nuc. 
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Acids Res . 17:3425-3433 (1989). Fractions enriched for the 
NotI fragment are assayed by Southern hybridization to detect 
one or more of the sequences encoded by this fragment. Such 
sequences include the heavy chain D segments, J segments, and 

5 7 1 constant regions together with representatives of all 6 V H 
families (although this fragment is identified as 670 kb 
fragment from HeLa cells by Berman et al. (1988), supra., we 
have found it to be an 830 kb fragment from human placental 
and sperm DNA) . Those fractions containing this NotI 

10 fragment are ligated into the NotI cloning site of the vector 
pYACNN as described (McCormick et al., Technique 2:65-71 
(1990)). Plasmid pYACNN is prepared by digestion of pYACneo 
(Clontech) with EcoRI and ligation in the presence of the 
oligonucleotide 5' - AAT TGC GGC CGC - 3'. 

15 YAC clones containing the heavy chain NotI fragment 

are isolated as described by Traver et al., Proc. Natl. Acad. 
sci. USA . 86:5898-5902 (1989). The cloned NotI insert is 
isolated from high molecular weight yeast DNA by pulse field 
gel electrophoresis as described by M. Finney, op. cit. The 

20 DNA is condensed by the addition of 1 KM spermine and 

microihjected directly into the nucleus of single cell embryos 
previously described. Alternatively, the DNA is isolated by 
pulsed field gel electrophoresis and introduced into ES cells 
by lipofection (Gnirke et al., EMBO J . 10:1629-1634 (1991)), 

25 or the YAC is introduced into ES cells by spheroplast fusion. 

EXAMPLE 16 

Discontinuous Genomic Heaw Chain Tq Transqene 

An 85 kb Spel fragment of human genomic DNA, 

30 containing V H 6, D segments, J segments, the n constant region 
and part of the 7 constant region, has been isolated by YAC 
cloning essentially as described in Example 1. A YAC carrying 
a fragment from the germline variable region, such as a 570 kb 
NotI fragment upstream of the 670-83 0 kb NotI fragment 

35 described above . containing multiple copies of V x through V 5f is 
isolated as described. (Berman et al. (1988), supra, detected 
two 570 kb NotI fragments, each containing multiple V 
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10 



15 



20 



25 



30 



35 



segments.) The two fragments are coinjected into the nucleus 
of a mouse single cell embryo as described in Example l. 

Typically, coin ject ion of two different DNA 
fragments result in the integration of both fragments at the 
same insertion site within the chromosome. Therefore, 
approximately 50% of the resulting transgenic animals that 
contain at least one copy of each of the two fragments will 
have the V segment fragment inserted upstream of the constant 
region containing fragment. Of these animals, about 50% will 
carry out V to DJ joining by DNA inversion and about 50% by 
deletion, depending on the orientation of the 570 kb NotI 
fragment relative to the position of the 85 kb Spel fragment. 
DNA is isolated from resultant transgenic animals and those 
animals found to be containing both transgenes by Southern 
blot hybridization (specifically, those animals containing 
both multiple human V segments and human constant region 
genes) are tested for their ability to express human 
immunoglobulin molecules in accordance with standard 
techniques. 

EXAMPLE 17 

Identification of functionall y rearranged variable region 
seque nces in transgenic B cells 

An antigen of interest is used to immunize (see 
Harlow and Lane, Antibodies: A T,ahm-a torv Manual . cold Spring 
Harbor, New York (1988)) a mouse with the following genetic 
traits: homozygosity at the endogenous having chain locus for 
a deletion of J H (Examples 10) ; hemizygous for a single copy 
of unrearranged human heavy chain minilocus transgene 
(examples 5 and 14) ; and hemizygous for a single copy of a 
rearranged human kappa light chain transgene (Examples 6 and 
14). 

Following the schedule of immunization, the spleen 
is removed, and spleen cells used to generate hybridomas. 
Cells from an individual hybridoma clone that secretes 
antibodies reactive with the antigen of interest are used to 
prepare genomic DNA. A sample of the genomic DNA is digested 
with several different restriction enzymes that recognize 
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unique six base pair sequences, and fractionated on an agarose 
gel. Southern blot hybridization is used to identify two DNA 
fragments in the 2-10 kb range, one of which contains the 
single copy of the rearranged human heavy chain VDJ sequences 
5 and one of which contains the single copy of the rearranged 
human light chain VJ sequence. These two fragments are size 
fractionated on agarose gel and cloned directly into pUC18. 
The cloned inserts are then subcloned respectively into heavy 
and light chain expression cassettes that contain constant 

10 region sequences. 

The plasmid clone P7el (Example 12) is used as a 
heavy chain expression cassette and rearranged VDJ sequences 
are cloned into the Xhol site. The plasmid clone pCKl is used 
as a light chain expression cassette and rearranged VJ 

15 sequences are cloned into the Xhol site. The resulting clones 
are used together to transfect SP 0 cells to produce antibodies 
that react with the antigen of interest (Co. et al., Proc. 
Natl. Acad. Sci. USA 88:2869 (1991), which is incorporated 
herein by reference) . 

20 Alternatively, mRNA is isolated from the cloned 

hybriddma cells described above, and used to synthesize cDNA. 
The expressed human heavy and light chain VDJ and VJ sequence 
are then amplified by PCR and cloned (Larrick et al. , Biol. 
Technology , 2:934-938 (1989)). After the nucleotide sequence 

25 of these clones has been determined, oligonucleotides are 

synthesized that encode the same polypeptides, and synthetic 
expression vectors generated as described by Queen et al., 
Proc. Natl. Acad. Sci. USA. . §4:5454-5458 (1989). 

30 Immunization of Transgenic Animal s with Complex Antigens 
The following experiment demonstrates that 
transgenic animals can be successfully immunized with complex 

antigens such as those on human red blood cells and respond 
with kinetics that are similar to the response kinetics 
35 observed in normal mice. 

Blood cells generally are suitable immunogens and 
comprise many different types of antigens on the surface of 
red and white blood cells. 
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Immunization with human blood 

Tubes of human blood from a single donor were 
collected and used to immunize transgenic mice having 
functionally disrupted endogenous heavy chain loci (J H D) and 
harboring a human heavy chain minigene construct (HC1) ; these 
mice are designated as line 112- Blood was washed and 
resuspended in 50 mis Hanks' and diluted to lxlO 8 cells/ml 0.2 
mis (2xl0 7 cells) were then injected interperitoneally using a 
28 gauge needle and l cc syringe. This immunization protocol 
was repeated approximately weekly for 6 weeks. Serum titers 
were monitored by taking blood from retro-orbital bleeds and 
collecting serum and later testing for specific antibody. A 
pre-immune bleed was also taken as a control. On the very 
last immunization , three days before these^ animals were 
sacrificed for serum and for hybridomas, a single immunization 
of l x 10 7 cells was given intravenously through the tail to 
enhance the production of hybridomas. 

Table 9 

Animals 





Mouse ID 


Line 


Sex 


HC1-112 


JHD 


1 


2343 


112 


M 


+ 


++ 


2 


2344 


112 


M 




+ 


3 


2345 


112 


F 




+ 


4 


2346 


112 


F 




++ 


5 


2347 


112 


F 




++ 


6 


2348 


112 


F 


+ 


++ 


7 


2349 


112 


F 




+ 



Mice # 2343 and 2348 have a desired phenotype: human heavy 
chain mini-gene transgenic on heavy chain knock-out 
background . 

Generation of Hybridomas 

Hybridomas were generated by fusing mouse spleen 
cells of approximately 16 week-old transgenic mice (Table 9) 
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that had been immunized as described (supra) to a fusion 
partner consisting of the non-secreting HAT-sensitive myeloma 
cell line, X63 Ag8.653. Hybridoraa clones were cultivated and 
hybridoma supernatants containing immunoglobulins having 
5 specific binding affinity for blood cell antigens were 
identified, for example, by flow cytometry. 

Flow cytometry 

Serum and hybridoma supernatants were tested using 

10 flow cytometry- Red blood cells from the donor were washed 4X 
in Hanks 1 balanced salt solution and 50,000 cells were placed 
in 1.1 ml polypropylene microtubes. Cells were incubated with 
antisera or supernatant from the hybridomas for 30 minutes on 
ice in staining media (lx RPMI 1640 media without phenol red 

15 or biotin (Irvine Scientific) 3% newborn calf serum, 0.1% Na 
azide) . Controls consisted of littermate mice with other 
genotypes. Cells were then washed by centrifugation at 4°C in 
Sorvall RT600B for 5-10 minutes at 1000 rpm. Cells were 
washed two times and then antibody detected on the cell 

20 surface with a fluorescent developing reagent. Two monoclonal 
reagents were used to test. One was a FITC-labeled mouse 
anti-human fi heavy chain antibody (Pharmagen, San Diego, CA) 
and the other was a PE-labeled rat anti-mouse kappa light 
chain (Becton-Dickenson, San Jose, CA) . Both of these 

25 reagents gave similar results. Whole blood (red blood cells 
and white blood cells) and white blood cells alone were used 
as target cells. Both sets gave positive results. 

Serum of transgenic mice and littermate controls was 
incubated with either red blood cells from the donor, or white 

30 blood cells from another individual, washed and then developed 
with anti-human IgM FITC labeled antibody and analyzed in a 
flow cytometer. Results showed that serum from mice that are 
transgenic for the human mini-gene locus (mice 2343 and 2348) 
show human IgM reactivity whereas all littermate animals 

35 (2344, 2345, 2346, 2347) do not. Normal mouse serum (NS) and 
phosphate buffer saline (PBS) were used as negative controls. 
Red blood cells were ungated and white blood cells were gated 
to include only lymphocytes. Lines are drawn on the x and y 
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axis to provide a reference. Flow cytometry was performed on 
100 supernatants from fusion 2348, Four supernatants showed 
positive reactivity for blood cell antigens. 

5 EXAMPLE 18 

Reduction of Endogenous Mouse Immunoglobulin Expression 
by Ant i sense RNA 

A. Vector for Expression of Antisense Ig Sequences 
1* Construction of the cloning vector pGPlh 
10 The vector pGPlb (referred to in a previous example) 

is digested with Xhol and BamHI and ligated with the following 
oligonucleotides : 

5'- gat cct cga gac cag gta cca gat ctt gtg^aat teg -3 1 
15 5'- teg acg aat tea caa gat ctg gta cct ggt etc gag -3 • 

to generate the plasmid pGPlh. This plasmid contains a 
polylinker that includes the following restriction sites: 
NotI, EcoRI, Bglll, Asp718, Xhol, BamHI, Hindlll, Notl. 

20 

Construction of pBCEl. 

A 0.8 kb Xbal/Bglll fragment of pVH251 (referred to 
in a previous example) , that includes the promoter leader 
sequence exon, first intron, and part of the second exon of 

25 the human VH-V family immunoglobulin variable gene segment, 

was inserted into Xbal/Bglll digested vector pNN03 to generate 
the plasmid pVH251. 

The 2.2 kb BamHI /EcoRI DNA fragment that includes 
the coding exons of the human growth hormone gene (hGH; 

30 Seeburg, (1982) DNA 1:239-249) is cloned into Bglll/EcoRI 

digested pGHlh* The resulting plasmid is digested with BamHI 
and the BamHI/Bglll of pVH251N is inserted in the same 
orientation as the hGH gene to generate the plasmid pVhgh. 
A 0.9 kb Xbal fragment of mouse genomic DNA 

3 5 containing the mouse heavy chain J-/u intronic enhancer 

(Banerji et al., (1983) Cell 33:729-740) was subcloned into 
pUC18 to generate the plasmid pJH22.1, This plasmid was 
linearized with SphI and the ends filled in with klenow 



WO 94/25585 



PCT/US94/04580 



145 



enzyme. The klenow treated DNA was then digested with Hindlll 
and a 1.4 kb Mlul (klenow) /Hindlll fragment of phage clone Xl.3 
(previous example) , containing the human heavy chain J~n 
intronic enhancer (Hayday et al., (1984) Nature 307:334-340), 
5 to it. The resulting plasmid, pMHEl, consists of the mouse 
and human heavy chain J-n intron enhancers ligated together 
into pUC18 such that they can be excised on a single 
BamHI/Hindlll fragment. 

The BamHI/Hindlll fragment of pMHEl is cloned into 

10 BamHI /Hindlll cut pVhgh to generate the B-cell expression 
vector pBCEl. This vector, depicted in Fig. 36, contains 
unique Xhol and Asp718 cloning sites into which antisense DNA 
fragments can be cloned. The expression of these antisense 
sequences is driven by the upstream heavy chain promoter- 

15 enhancer combination the downstream hGH gene sequences provide 
polyadenylation sequences in addition to intron sequences that 
promote the expression of transgene constructs. Antisense 
transgene constructs generated from pBCEl can be separated 
from vector sequences by digestion with Notl. 

20 

B. An IgM antisense transgene construct. 

The following two oligonucleotides: 

5 • - cgc ggt acc gag agt cag tec ttc cca aat gtc -3 ' 
25 5'- cgc etc gag aca get gga atg ggc aca tgc aga -3' 

are used as primers for the amplification of mouse IgM 
constant region sequences by polymerase chain reaction (PCR) 
using mouse spleen cDNA as a substrate. The resulting 0.3 kb 

30 PCR product is digested with Asp718 and Xhol and cloned into 
Asp718/XhoI digested pBCEl to generate the antisense transgene 
construct pMASl. The purified Notl insert of pMASl is 
microinjected into the pronuclei of half day mouse embryos- 
alone or in combination with one or more other transgene 

35 constructs — to generate transgenic mice. This construct 

expresses an RNA transcript in B-cells that hybridizes with 
mouse IgM mRNA, thus down-regulating the expression of mouse 
IgM protein. Double transgenic mice containing pMASl and a 
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human heavy chain transgene minilocus such as pHCl (generated 
either by coinjection of both constructs or by breeding of 
singly transgenic mice) will express the human transgene 
encoded Ig receptor on a higher percentage of B-cell than mice 
transgenic for the human heavy chain minilocus alone. The 
ratio of human to mouse Ig receptor expressing cells is due in 
part to competition between the two populations for factors 
and cells that promoter B-cell differentiation and expansion. 
Because the Ig receptor plays a key role in B-cell 
development, mouse Ig receptor expressing B-cells that express 
reduced levels of IgM on their surface (due to mouse Ig 
specific antisense down-regulation) during B-cell development 
will not compete as well asr cells that express the human 
receptor . 

C. An IgKappa antisense transgene construct. 

The following two oligonucleotides: 

5'- cgc ggt acc get gat get gca cca act gta tec -3' 
5 1 - cgc etc gag eta aca etc att cct gtt gaa get -3' 

are used as primers for the amplification of mouse IgKappa 
constant region sequences by polymerase chain reaction (PGR) 
using mouse spleen cDNA as a substrate. The resulting 0.3 kb 
PCR product is digested with Asp718 and Xhol and cloned into 
Asp7l8/XhoI digested pBCEl to generate the antisense transgene 
construct pKASl. The purified NotI insert of pKASl is 
microinjected into the pronuclei of half day mouse embryos — 
alone or in combination with one or more other transgene 
constructs — to generate transgenic mice. This construct 
expresses an RNA transcript in B-cells that hybridizes with 
mouse IgK mRNA, thus down-regulating the expression of mouse 
IgK protein as described above for pMASl. 

EXAMPLE 19 

This example demonstrates the successful 
immunization and immune response in a transgenic mouse of the 
present invention. 
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immunization of Mice 

Keyhole limpet hemocyanin conjugated with greater 
than 4 00 dinitrophenyl groups per molecule (Calbiochem, La 
Jolla, California) (KLH-DNP) was alum precipitated according 
to a previously published method (Practical Immunology, L. 
Hudson and F.C. Hay, Blackwell Scientific (Pubs.)* P- 9/ 
1980) . Four hundred /xg of alum precipitated KLH-DNP along 
with 100 /xg dimethyldioctadecyl Ammonium Bromide in 100 nL of 
phosphate buffered saline (PBS) was injected intraperitoneal ly 
into each mouse. Serum samples were collected six days later 
by retro-orbital sinus bleeding. 



Analysis of Human Antibody Reactivity in Serum 

Antibody reactivity and specificity were assessed 

15 using an indirect enzyme-linked immunosorbent assay (ELISA) . 
Several target antigens were tested to analyze antibody 
induction by the immunogen. Keyhole limpet hemocyanin 
(Calbiochem) was used to identify reactivity against the 
protein component, bovine serum albumin-DNP for reactivity 

20 against the hapten and/or modified amino groups, and KLH-DNP 
for reactivity against the total immunogen. Human antibody 
binding to antigen was detected by enzyme conjugates specific 
for IgM and IgG sub-classes with no cross reactivity to mouse 
immunoglobulin. Briefly, PVC microtiter plates were coated 

25 with antigen drying overnight at 37 »C of 5 iig/mL protein in 
PBS. Serum samples diluted in PBS, 5% chicken serum, 0.5% 
Tween-20 were incubated in the wells for 1 hour at room 
temperature, followed by anti-human IgG Fc and IgG F(ab')- 
horseradish peroxidase or anti-human IgM Fc-horseradish 

30 peroxidase in the same diluent. After 1 hour at room 

temperature enzyme activity was assessed by addition of ABTS 
substrate (Sigma, St. Louis, Missouri) and read after 30 
minutes at 415-490 nm. 

35 Human Heavy Chain Participa t ion in Immune Response in 

Transgenic Mice 

Figures 37A-37D illustrate the response of three 
mouse littermates to immunization with KLH-DNP. Mouse number 
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1296 carried the human IgM and lg G unrearranged transgene and 
was homozygous for mouse Ig heavy chain knockout. Mouse 
number 1299 carried the transgene on a non-knockout 
background, while mouse 1301 inherited neither of these sets 
of genes. Mouse 1297, another littermate, carried the human 
transgene and was hemizygous with respect to mouse heavy chain 
knockout, it was included as a non-immunized control. 

The results demonstrate that both human lgG and IgM 
responses were developed to the hapten in the context of 
conjugation to protein. Human IgM also developed to the KLH 
molecule, but no significant levels of human IgG were present 
at this time point. In pre-immunization serum samples from 
the same mice, titers of human antibodies to the same target 
antigens were insignificant. 

EXAMPLE 20 

This example demonstrates the successful 
immunization with a human antigen and immune response in a 
transgenic mouse of the present invention, and provides data 
0. demonstrating that nonrandom somatic mutation occurs in the 
variable region sequences of the human transgene. 

Demonstration of antibody resp onses comp ri sing human 
immunoglobulin heavy chains arr gjnst * h„ man aTvcnm-n^-iT, 
5 antigen 

Transgenic mice used for the experiment were 
homozygous for functionally disrupted murine immunoglobulin 
heavy chain loci produced by introduction of a transgene at 
the joining (J) region (supra) resulting in the absence of 
) functional endogenous (murine) heavy chain production. The 
transgenic mice also harbored at least one complete 
unrearranged human heavy chain mini-locus transgene, (HC1, 
supra) , which included a single functional V H gene (V H 251) , 
human /i constant region gene, and human 7 i constant region 
gene. Transgenic mice shown to express human immunoglobulin 
transgene products (supra) were selected for immunization with 
a human antigen to demonstrate the capacity of the transgenic 
mice to make an immune response against a human antigen 
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immunization. Three mice of the HC1-26 line and three mice of 
the HC1-57 line f supra ) were injected with human antigen. 

One hundred ixg of purified human carcinoembryonic 
antigen (CEA) insolubilized on alum was injected in complete 
Freund's adjuvant on Day 0, followed by further weekly 
injections of alum-precipitated CEA in incomplete Freund's 
adjuvant on Days 7, 14, 21, and 28. Serum samples were 
collected by retro-orbital bleeding on each day prior to 
injection of CEA. Equal volumes of serum were pooled from 
each of the three mice in each group for analysis. 

Titres of human /x chain-containing immunoglobulin 
and human 7 chain-containing immunoglobulin which bound to 
human CEA immobilized on microtitre wells were determined by 
ELISA assay. Results of the ELISA assays for human m chain- 
15 containing immunoglobulins and human 7 chain- containing 

immmunoglbulins are shown in Figs. 38 and 39, respectively. 
Significant human /x chain Ig titres were detected for both 
lines by Day 7 and were observed to rise until about Day 21. 
For human 7 chain Ig, significant titres were delayed, being 
20 evident first for line HC1-57 at Day 14, and later for line 
HC1-26 at Day 21. Titres for human 7 chain Ig continued to 
show an increase over time during the course of the 
experiment. The observed human n chain Ig response, followed 
by a plateau, combined with a later geveloping 7 chain 
25 response which continues to rise is characteristic of the 
pattern seen with affinity maturation. Analysis of Day 21 
samples showed lack of reactivity to an unrelated antigen, 
keyhole limpet hemocyanin (KLC) , indicating that the antibody 
response was directed against CEA in a specific manner. 
30 These data indicate that animals transgenic for 

human unrearranged immunoglobulin gene loci: (1) can respond 
to a human antigen (e.g. , the human glycoprotein, CEA) , (2) 
can undergo isotype switching ("class switching) as 
exemplified by the observed n to 7 class switch, and (3) 
35 exhibit characteristics of affinity maturation in their 

humoral immune responses. In general, these data indicate: 
(1) the human Ig transgenic mice have the ability to induce 
heterologous antibody production in response to a defined 
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Ztiltl C3PaClty ° f 3 Sin9le ■*~-^» heavy chain 

k netics re91 ° n t0 t0 3 ^"^ < 3 > 

kihetics over a time period typical of primary and secondary 

response development, (4) class switching of a transgene- 
encoded humoral immune response from IgM to IgG, and (5) the 
capacity of transgenic animal to produce human-sequence 
antibodies against a human antigen. 

Line HCl-57 transgenic mice, containing multiple 
copxes of the HC1 transgene, were bred with immunoglobulin 
heavy chain deletion mice to obtain mice that contain the HCl 
transgene and contain disruptions at both alleles of the 
endogenous mouse heavy chain (supra) . These mice express 

TZ^Z 9 r al ^ ° hainS t0geth6r With «- ***** and 
lambda Ixght chains (sv^) . one of these mice was 

hyperimmune against human carcinoembryonic antigen by 
20 mlnthr ' ntraperit0neal Ejections over the course of !. 5 

from the T ~ "* ~ lls 

from the spleen, xnguinal and mesenteric lymph nodes, and 

peyers patches. The cells were combined and total RNA 
isolated. First strand cDNA was synthesized from the RNA and 
used as a template for PGR amplification with the following 2 
25 oligonucleotide primers: -mowing 2 



;;;,;T:,' ot 093 9tc ~ a - *» «- «* «. *, 

30 151 S'-ggc get cga gtt cca cga cac cgt cac egg ttc-3 • 

seouence T* EPeC " iCa11 * VH251 /g ammal cDNA 

sequences. The ampUfied sequences were digested with Xhol 
and cloned into the vector pNN03. DWA sequence from the 
35 inserts of 23 random clones is shown in Pi g. 40,- sequence 

variations from germline sequence are indicated, dots indicate 
sequence is identical to germline. Comparison of the cDNA 
sequences with the germline sequence of the VH251 transgene 
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reveals that 3 of the clones are completely unmutated, vhile 
the other 20 clones contain somatic mutations. One of the 3 
non-mutated sequences is derived from an out-of-frame VDJ 
joint. Observed somatic mutations at specific positions of 
5 occur at similar frequencies and. in similar distribution 
patterns to those observed in human lymphocytes (Cai et al. 
(1992) J. Exp. Med. 176 : 1073, incorporated herein by 
reference) . The overall frequency of somatic mutations is 
approximately 1%; however, the frequency goes up to about 5% 
10 within CDR1, indicating selection for amino acid changes that 
affect antigen binding. This demonstrates antigen driven 
affinity maturation of the human heavy chain sequences. 

EXAMPLE 21 

!5 This example demonstrates the successful formation 

of a transgene by co-introduction of two separate 
polynucleotides which recombine to form a complete human light 
chain minilocus transgene. 

20 Generation of an unrearranaed light chain minilocus transgene 
bv co-iniection of two overlappi ng DNA fragments 
1. isolation of unrearranaed functional V r gene segm ents 
vk65.3. vk65.5. vk65.8 an d VR65.15 

The V K specific oligonucleotide, oligo-65 (5'-agg 

25 ttc agt ggc agt ggg tct ggg aca gac ttc act etc acc ate agc- 
3«), was used to probe a human placental genomic DNA library 
cloned into the phage vector XEMBL3/SP6/T7 (Clonetech 
Laboratories, Inc., Palo Alto, CA) . DNA fragments containing 
V K segments from positive phage clones were subcloned into 

30 plasmid vectors. Variable gene segments from the resulting 
clones are sequenced, and clones that appear functional were 
selected. Criteria for judging functionality include: open 
reading frames, intact splice acceptor and donor sequences, 
and intact recombination sequence. DNA sequences of 4 

3 5 functional V K gene segments (vk65.3, vk65.5, vk65.8, and 
vk65.15) from 4 different plasmid clones isolated by this 
procedure are shown in Figs. 41-44. The four plasmid clones, 
p65.3f, p65.5gl, p65.8, and p65.15f, are described below. 
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(1 a) p65.3f 

subclone A I ^ ^ fragn,ent of clone X65.3 was 

subcloned into puci9 so that the vector derived Sail sit 
proximal to the 3 • end *-k • aenvea sail site was 

5 Bastes.. LT*^^.*^™"**"* 

SU hm * • BamHI/Sali insert of this clone was 

subcloned into pGPif to generate p65.3f. 

(1 b) p65.5gl 

pr-d-l to the 5. end 0 H h dSriVed Slte 1S 

sail site 3. Th lnSert and the vector ^«ived 

-if 3 . The r esulti„ g P l asmid is designated 



(1 c) p65.8 



(1 d) P65.15f 

located It ,k ' Uni<3Ue 30101 and Sal * ^tes 

located at the respective 5 • and 3 • ends of «, • 
25 J enas or the insert. 



2- PKV4 



cloned into the Xhol site of dss ^ 4- 

PKV4 This „i generate the plasmid 

P*v 4 . This plasmid contains a single 21 kb Xh^r/o u • 
that includes 4 functional v »">I/Sall insert 

insert can,, ™ nCtl ° nal V k S*ne segments. The entire 
insert can also be excised with Notl. 



35 

3 - fiKClB 
( 3 a) pKcor 
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Two Xhol fragments derived from human genomic DHA 
ohace X clones were subcloned into plasmid vectors. The 
Tirl a 13 Kb ,.2-^/C, containing fragment, was ; treated with 
Klenow enzyme and cloned into Hindu! digested. Klenov 

treated, plasmid pGPld. * ^.^TJZe TZT 

such that the 5- end of the insert is adjacent to the vector 
derived Clal site. The second Xhol fragment, .7.4 Kb piece 
of dna containing ,.l was cloned into ^/»»-***~~ 
p SP ,2, such that the 3' insert Xhol site was destroyed hy 
ligation to the vector sail site. The resulting clone 

, includes an insert derived cla! site 4.5 Kb upstream 
of ,.1 and a polylinKer derived Cla! site downstream in place 
of the naturally occurring Xho! site between V and , 2. 
clone was digested with Clal to release a 4,7 Kb fragment 
which was cloned into Clal digested px-31 in the correct^ to 
3. orientation to generate a plasmid containing all 
segments, the human intronic enhancer human C., 4.5 Kb of 5 
flanKin, sequence, and 9 Kb of 3- flanXin, 
plasmid, pKcor, includes unique flanKin, Xhol and Sail sites 
20 on the respective 5' and V sides of the insert. 

(3 b) pKcorB^ ^ ^ £ragment containing the human 3- Kappa 
enhancer (J udde, J.-G. and Max. K.E. (1992, »nl Mrt> 

2 5 12. 5206. incorporated herein by reference) was 

^Plf such that the 5- end is proximal to the vector Xhol 
S e. The resulting plasmid. P 24Bf . was cut wit. . XhoX^nd the 
17 7 Kb Xhol/Sall fragment of P K=or cloned into it in the same 
orientation as the enhancer fragment. The resulting pla- d, 

30 pKcorB. includes unique Xhol and sail sites at the 5 and 
ends of the insert respectively. 

<3 ^ PKC1 The Xhol/Sall insert cf pKcorB was cloned into the 
35 Sal! site of P 65.3f to generate the light-chain minilocus- 

nvriR This plasmid includes a single 
transqene plasmid pKClB. mis . 
functional human V K segment, all 5 human , K segments, the human 
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™T:;:L e t;7;„:::: n c - ™ ^ *— »• -w. 

to xnsert can be isolated by „„„ dlgestion 



4. Co4 
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15 



expression of . repertoire of ^ ^f^* . . 
transgenic mouse. equence light chains in a 



EXAMPLE 22 



o f a -inl^^ ~* ~tion 

-active w ith a specific JZ^^TT^ 
antibody comprises a h™ an • ei " the mon °<=lonal 

Phases a human immunoglobulin ch»<« , , 

human Ig transgene encoded by a 

A mouse containing a human heavy chain 
30 transgene and homosygous for Knockout U e f ! 9 
disruption! nf fk . 001 (»•«., functional 

uption) of the endogenous heavy chain i„™, . 

20, supra, was ionized with purlrild T <-M ' 

-Us were suhseguently h.^.'^T^C SPlee " 

response period tk. • suitable immune 

35 mouse myeloma cell^t SPlee " "~ fUSed 

techni J es ™ e e Koh le° ^ "tional 

4 es I See, Kohler and Milstein ?nr t t 

coid spring Harhor, Kew Vor, ^T-^s^stf^' 
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immunization contained a human unrearranged heavy chain 
minilocus transgene which comprised a single functional V H 
gene (V H251 ) , human D and J segments, human m constant region, 
and human 71 constant region genes. The transgenic line from 
5 which it originated was designated HC1-57 (supra) . 

One hundred /xg of purified human carcinoembryonic 
antigen (CEA) (Cyrstal Chem, Chicago, IL or Scripps Labs, San 
Diego, CA) insolubilized on alum was injected in complete 
Freund's adjuvant on Day 0, followed by further weekly 

10 injections of alum-precipitated CEA in incomplete Freund's 
adjuvant on Days 7, 14, 21, and 28. An additional 20 M9 of 
soluble CEA was administered intravenously on Day 83, followed 
by 50 /xg alum-precipitated CEA in incomplete Freund's adjuvant 
on Day 92. Human heavy chain responses to CEA were confirmed 

15 in serum samples prior to fusion of spleen cells with myleoma 
cells. The animal was sacrificed on Day 95, the spleen 
removed and fused with P3X63-Ag8. 653 mouse myeloma cells (ATCC 
CRL 1580, American Type Culture Collection, Rockville, MD) 
using polyethylene glycol. Two weeks later, supernates from 

20 fusion wells were screened for the presence of antibodies 
specifically reactive with CEA, and which contained human 
heavy chain /x or 7 constant region epitopes by ELISA. 
Briefly, purified human CEA was coated onto PVC microtitre 
plates at 2.5 ng/ml, and incubate with culture supernate 

25 diluted 1:4 or 1:5 in PBS, 0.5% Tween-20, 5% chicken serum. 
Plates were washed, followed by addition of horseradish 
peroxidase-conjugated goat antiserum specific for human IgG Fc 
or rabbit antiserum specific for human IgM FcSMu (Jackson 
ImmunoResearch, West Grove, PA) . Presence of conjugate bound 

30 to captured antibody was determined, after further washing, by 
the addition of ABTS substrate. Two independent fusion wells 
were found to contain antibody with substantial binding to 
CEA. After cloning, both hybridomas were found to be positive 
for the presence of human m chain and murine k chain by ELISA. 

3 5 No mouse IgG or IgM were detected using similar assays. 

Subcloning of the two independent parent hybridomas 
resulted in two clones, designated 92-09A-4F7-A5-2 and 92-09A- 
1D7-1-7-1. Both lines were deposited with the ATCC Patent 
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Culture Depository under the Budapest Treaty and were assigned 
ATCC Designation HB 11307 and HB 11308, respectively. Culture 
supernatants from these cell lines were assessed for 
specificity by testing for reactivity to several purified 
target proteins using ELISA. As shown in Fig. 46, ELISA 
assays for determining the reactivity of the monoclonal 
antibodies to various antigens demonstrate that only CEA and 
the CEA-related antigen NCA-2 show significant reactivity, 
indicating the development of a restricted reactivity for the 
variable regions of the heterohybrid immunoglobulin molecules. 



15 



20 



EXAMPLE 23 

This example demonstrates that a rearranged human 
VDJ gene encoded by a human Ig minilocus transgene may be 
transcribed as a transcript which includes an endogenous Ig 
constant region gene, for example by the mechanism of trans- 
switching, to encode a chimeric human/mouse Ig chain. 
Identification of Trans-Switch Transcrip ts Encode chimeric 
Human-Motis g Heavy Chains 

RNA was isolated from a hyperimmunized HC1 line 57 
transgenic mouse homozygous for the endogenous heavy chain J 
segment deletion (supra) . cDNA was synthesized according to 
Taylor et al. (1993) Nucleic Acids 20: 6287, incorporated 

herein by reference, and amplified by PCR using the following 
25 two primers: 

0-14 9 (human V H251 ) : 

5--CTA GCT CGA GTC CAA GGA GTC TGT GCC GAG GTG CAG CTG <G,A,T,C)-3' 

o-249 (mouse gamma) : 

30 S'-GGC GCT CGA GCT GGA CAG GG(A/C) TCC A(G/T)A GTT CCA-3 ■ 

Oligonucleotide o-149 is specific for the HC1- 
encoded variable gene segment V H251 , while o-249 hybridizes to 
both mouse and human gamma sequences with the following order 
35 of specificities: 

mouse T l = mouse 7 2b = mouse 7 3 > mouse 7 2a » human 7 1. 
DNA sequences from 10 randomly chosen clones generated from 
the PCR products was determined and is shown in Fig. 47. Two 
clones comprised human VDJ and mouse yl; four clones comprised 
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human VDJ and mouse 72b; and four clones comprised, human VDJ 
and mouse 73. These results indicate that in a fraction of 
the transgenic B cells, the transgene-encoded human VDJ 
recombined into the endogenous murine heavy chain locus by 
5 class switching or an analogous recombination. 

EXAMPLE 24 

This example describes a method for screening a pool 
of hybridomas to discriminate clones which encode chimeric 

10 human/mouse Ig chains from clones which encode and express a 
human Ig chain. For example, in a pool of hybridoma clones 
made from a transgenic mouse comprising a human Ig heavy chain 
transgene and homozygous for a J region-disrupted endogenous 
heavy chain locus, hybridoma clones encoding trans-switched 

15 human VDJ-murine constarit region heavy chains may be 

identified and separated from hybridoma clones expressing 
human VDJ-human constant region heavy chains. 
Sceenina Hybridomas to Eliminate Chimeric la Chains 

The screening process involves two stages, which may 

20 be conducted singly or optionally in combination: (1) a 

preliminary ELISA-based screen, and (2) a secondary molecular 
characterization of candidate hybridomas. Preferably, a 
preliminary ELISA-based screen is used for initial 
identification of candidate hybridomas which express a human 

25 VDJ region and a human constant region. 

Hybridomas that show positive reactivity with the 
antigen (e.g., the immunogen used to elicit the antibody 
response in the transgenic mouse) are tested using a panel of 
monoclonal antibodies that specifically react with mouse 11, 7, 

30 k , and X, and human /x, 7, and k. Only hybridomas that are 

positive for human heavy and light chains, as well as negative 
for mouse chains, are identified as candidate hybridomas that 
express human immunoglobulin chains- Thus, candidate 
hybridomas are shown to have reactivity with specific antigen 

3 5 and to possess epitopes characteristic of a human constant 
region. 

RNA is isolated from candidate hybridomas and used 
to synthesize first strand cDNA. The first strand cDNA is 
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then ligated to a unique single-stranded oligonucleotide of 
predetermined sequence (oligo-X) using RNA ligase (which 
Agates single-stranded DNA) . The ligated cDNA is then 
amplified in two reactions by PGR using two sets of 
oligonucleotide primers. Set H (heavy chain) includes an 
oligo that specifically anneals to either human „ or human 7 i 
(depending on the results of the ELISA) and an oligo that 
anneals to the oli go -x sequence. This prevents bias against 
detection of particular V segments, including mouse V segments 
that may have trans-rearranged into the human minilocus. a 
second set of primers, Set L (light chain), includes an oligo 
that specifically anneals to human k and an oligo that anneals 
specifically to oligo-X. The PGR products are molecularly 
cloned and the DNA sequence of several are determined to 
ascertain whether the hybridoma is producing a unique human 
antibody on the basis of sequence comparison to human and 
murine ig sequences. 



EXAMPLE 25 

This example demonstrates production of a transgenic 
mouse harboring a human light chain (,) minilocus. 
Human r Mir^i ttan^^ 



25 



30 



35 



KC1 



A 13 kb Xhol j k2 -Kk containing fragment from a phage 
clone (isolated from a human genomic DNA phage library by 
hybridization to a * specific oligonucleotide, e.g., supra, 
was treated with Klenow enzyme and cloned into the Klenow 
treated Hindlll site of pGPld to produce pK-31. This 
destroyed the insert Xhol sites and positioned the unique 
polylinker derived Xhol site at the 5- end next to J k2 . a 
unique polylinker derived Clai site is located between this 
Xhol site and the inset sequences, while a unique polylinker 
derived Sail site is located at the 3. end of the insert. A 
7.5 kb Xhol fragment, containing j K i and upstream sequences 
was also isolated from a human genomic DNA phage clone 
(isolated from a human genomic DNA phage library by 
hybridization to a , specific oligonucleotide, e.g. supra) 
This 7.5 kb Xhol fragment was cloned into the Sail site of 
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pSP72 (Promega, Madison, Wisconsin) , thus destroying both Xhoi 
sites and positioning a polylinker Clal site 3' of JkI. 
Digestion of the resulting clone with Clal released a 4.7 kb 
fragment containing Jkl and 4.5 kb of upstream sequences. 
5 This 4.7 kb fragment was cloned into the Clal site of pK-31 to 
create pKcor. The remaining unique 5 1 Xhoi site is derived 
from polylinker sequences. A 6.5 kb Xhol/Sall DNA fragment 
containing the unrearranged human V/cIII gene segment 65.8 
(plasmid p65.8, EXAMPLE 21) was cloned into the Xhoi site of 

10 pKcor to generate the plasmid pKCl. The NotI insert of pKCl 
was microinjected into 1/2 day mouse embryos to generate 
transgenic mice. Two independent pKCl derived transgenic 
lines were established and used to breed mice containing both 
heavy and light chain miniloci. These lines, KC1-673 and KC1- 

15 674, were estimated by Southern blot hybridization to contain 
integrations of approximately 1 and 10-20 copies of the 
transgenes respectively . 



KCle 

20 .. . The plasmid pMHEl (EXAMPLES 13 and 18) was digested 

with BamHI and Hindlll to excise the 2.3 kb insert containing 
both the mouse and human heavy chain J-/i intronic enhancers. 
This fragment was Klenow treated, ligated to Sail linkers (New 
England Biolabs, Beverly, Massachusetts) , and cloned into the 

25 unique 3' Sail site of pKCl to generate the plasmid pKCle. 

The NotI insert of pKCle was microinjected into 1/2 day mouse 
embryos to generate transgenic mice. Four independent pKCle 
derived transgenic lines were established arid used to breed 
mice containing both heavy and light chain miniloci. These 

3 0 lines, KCle-1399, KCle-1403, KCle-1527, and KCle-1536, were 
estimated by Southern blot hybridization to contain 
integrations of approximately . 20-50, 5-10, 1-5, and 3-5 copies 
of the transgene, respectively. 

35 pKC2 

A 6.8 kb Xhoi /Sail DNA fragment containing the 
unrearranged human V/cIII gene segment 65.5 (plasmid p65.5gl, 
EXAMPLE 21) was cloned into the unique 5* Xhoi site of pKCl to 
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generate the plasmid pKC2 . This minilocus transgene contains 
two different functional VkIII gene segments. The NotI insert 
of pKC2 was microinjected into 1/2 day mouse embryos to 
generate transgenic mice. Five independent pKC2 derived 
5 transgenic lines were established and used to breed mice 

containing both heavy and light chain miniloci. These lines, 
KC2-1573, KC2-1579, KC2-1588, KC2-1608, and KC2-1610, were 
estimated by Southern blot hybridization to contain 
integrations of approximately 1-5, 10-50, 1-5, 50-100, and 5- 
10 20 copies of the transgene, respectively. 

EXAMPLE 26 

This example shows that transgenic mice bearing the 
human k transgene can make an antigen- induced antibody 
15 response forming antibodies comprising a functional human k 
chain. 

Antibody Responses Ass ociated with Human Tq K Light Chain 

A transgenic mouse containing the HC1-57 human heavy 
chain and KCle human k transgenes was immunized with purified 
20 human soluble CD4 (a human glycoprotein antigen) . Twenty »g 
of purified human CD4 (NEN Research products, Westwood, MA) 
insolublized by conjugation to polystyrene latex particles 
(Polysciences, Warrington, PA) was injected intraperitoneal ly 
in saline with dimethyldioctadecyl ammonium bromide 
25 (Calbiochem, San Diego, CA) on Day 0, followed by further 
injections on Day 20 and Day 34. 

Retro-orbital bleeds were taken on Days 25 and 40, 
and screened for the presence of antibodies to CD4, containing 
human IgM or human IgG heavy chain by ELISA. Briefly, 
30 purified human CD4 was coated onto PVC microtitre plates at 

2.5 ng/ml and incubated with culture supernate diluted 1:4/1:5 
in PBS, 0.5% Tween-20, 5% chicken serum. Plates were washed, 
followed by addition of horseradish peroxidase-conjugated goat 
antiserum specific for human IgG Fc or rabbit antiserum 
35 specific for human IgM Fc5Mu (Jackson ImmunoResearch , Westr 
Grove, PA) . Presence of conjugate bound to captured antibody 
was determined after further washing by addition of ABTS 
substrate. Human n reactive with antigen was detected in both 
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bleeds, while there was essentially undetectable y reactivity • 
The Day 40 sample was also tested for antigen-reactive human k 
chain using the same assay with goat anti-human k peroxidase 
conjugate (Sigma, St. Louis, MO). CD4-binding k reactivity 
5 was detected at this time point. - The assay results are shown 
in Fig. 48. 

EXAMPLE 27 

This example shows the successful generation of mice 
which are homozygous for functionally disrupted murine heavy 

10 and light chain loci (heavy chain and k chain loci) and which 
concomitantly harbor a human heavy chain transgene and a human 
light chain transgene capable of productively rearranging to 
encode functional human heavy chains and functional human 
light chains. Such mice are termed "0011" -mice, indicating by 

15 the two 0 f s in the first two digits that the mice lack 

functional heavy and light chain loci and indicating by the 
l's in the second two digits that the mice are hemizygous for 
a human heavy chain transgene and a human light chain 
transgene. This example shows that such 0011 mice are capable 

20 of making a specific antibody response to a predetermined 
antigen, and that such an antibody response can involve 
isotype switching. 

0011/0012 Mice: Endogenous la Knockout + Human la Transaenes 
Mice which were homozygous for a functionally 

25 disrupted endogenous heavy chain locus lacking a functional J H 
region (designated JHD++ or JHA++) and also harboring the 
human HCl transgene, such as the HC1-26 transgenic mouse line 
described supra, were interbred with mice homozygous for a 
functionally disrupted endogenous kappa chain locus lacking a 

30 functional J H region (designated here as JKD++ or JKA++; see 
Example 9) to produce mice homozygous for functionally 
disrupted heavy chain and kappa chain loci (heavy chain/kappa 
chain knockouts) , designated as JHD++/ JKD++ and containing a 
HCl transgene. Such mice were produced by interbreeding and 

35 selected on the basis of genotype as evaluated by Southern 
blot of genomic DNA. These mice, designated HC1- 
26+/JKD++/JHD++ mice, were interbred with mice harboring a 
human kappa chain transgene (lines KC2-1610, KCle-1399, and 
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KCle-1527; see Example 25), and Southern blot analysis of 
genomic DNA was used to identify offspring mice homozygous for 
functionally disrupted heavy and light chain loci and also 
hemizygous for the HC1 transgene and the KC2 or KCle 
transgene. Such mice are designated by numbers and were 
identified as to their genotype, with the following 
abbreviations: HC1-26+ indicates hemizygosity for the HC1-26 
line human heavy chain minilocus transgene integration; JHD++ 
indicates homozygosity for J H knockout; JKD++ indicates 
homozygosity for J K knockout; KC2-1610+ indicates hemizygosity 
for a KC2 human k transgene integrated as in line KC2-1610; 
KCle-l527+ indicates hemizygosity for a KCle human k transgene 
integrated as in line KCle-1527; KCle-1399+ indicates 
hemizygosity for a KCle human k transgene integrated as in 
line KCle-1399. 

The resultant individual offspring were each given a 
numerical designation (e.g., 6295, 6907, etc.) and each was 
evaluated for the presence of J H knockout alleles, J K knockout 
alleles, HC1-26 transgene, and * transgene (KC2 or KCle) and 
determined to be either hemizygous (+) or homozygous (++) at 
each locus. Table 10 shows the number designation, sex, and 
genotypes of several of the offspring mice. 

Table 10 



ID No. 


Sex 


la Code 


Genotype 


6295 


M 


0011 


HC1-26+, 


;JHD++;JKD++;KC2-1610+ 


6907 


M 


0011 


HC1-26+, 


?JHD++;JKD++;KCle-1527+ 


7086 


F 


0011 


HC1-26+, 


', JHD++ ; JKD++ ; KCle-13 99+ 


7088 


F 


0011 


HC1-26+, 


;JHD++;JKD++;KCle-1399+ 


7397 


F 


0011 


HC1-26+; 


• JHD++ ; JKD++ ; KCle- 15 2 7+ 


7494 


F 


0012 


HC1-26+; 


• JHD++ ; JKD++ ; KC2 - 1 6 1 0++ 


7497 


M 


0011 


HC1-26+; 


' JHD++ ; JKD++ ; KCle-13 99+ 


7648 


F 


0011 


HCl-26+j 


' JHD++ ; JKD++ ; KC2 -1 6 10+ 


7649 


F 


0012 


HC1-26+; 


JHD++; JKD++;KC2-1610++ 


7654 


F 


0011 


HC1-26+; 


• JHD++ ; JKD++ ; KC2 - 1 6 1 0+ 


7655 


F 


0011 


HC1-26+; 


JHD++ ; JKD++ ; KC2 - 1 6 1 0+ 


7839 


F 


0011 


HC1-26+; 


JHD++;JKD++;KCle-1399+ 


7656 


F 


0001 


HC1-26-; 


JHD++;JKD++;KC2-1610+ 


7777 


F 


1100 


Col-2 14 1- ; JHD+ ; JKD+ 
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We removed spleens from three 6 week old female 
mice. Mouse # 7655 was determined by Southern blot 
hybridization to be hemizygous for the HC1 (line 26) and KC2 
(line 1610) transgene integrations, and homozygous for the JHa 
5 and Jjca targeted deletions of the mouse fi and kJ regions. 
Mouse #7656 was determined by Southern blot hybridization to 
be hemizygous for the KC2 (line 1610) transgene integration 
and homozygous for the JHa and Jka targeted deletions of the 
mouse m and kJ regions. Mouse # 7777 was determined by 
10 Souther blot hybridization to be hemizygous for the JHa and 

J/ca targeted deletions of the mouse /i and kJ regions. Because 
of the recessive nature of these deletions, this mouse should 
be phenotypically wild-type. 

15 Expression of Endogenous la Chains in 0011 Mice 

FACS analysis using a panel of antibodies reactive 
with either human \i 9 mouse /i, hman k, mouse k, or mouse X was 
used to sort lymphocytes explanted from (1) a wildtype mouse 
(7777) , (2) a 0001 mouse homozygous for heavy chain and kappa 

20 knockout alleles and harboring a human light chain transgene 
(7656) , and (3) a 0011 mouse homozygous for heavy chain and 
kappa knockout alleles and harboring a human light chain 
transgene and a human heavy chain transgene (7655) . 

We prepared single cell suspensions from spleen and 

25 lysed the red cells with NH 4 C1, as described by Mishell and 

Shiigi (Mishell, B.B. & Shiigi, S.M. (eds) Selected Methods in 
Cellular Immunology . W.H. Freeman & Co., New York, 1980). 
The lymphocytes aje stained with the following reagents: 
propidium iodide (Molecular Probes, Eugene, OR), FITC 

30 conjugated anti-human IgM (clone G20-127; Pharmingen, San 
Diego, CA) , FITC conjugated anti-mouse IgM (clone R6-60.2; 
Pharmingen , San Diego, CA) , phycoerythrin conjugated anti- 
human Ig/c (clone HP6062; CalTag, South San Francisco, CA) , 
FITC conjugated anti-mouse IgX (clone R26-46; Pharmingen, San 

35 Diego, CA) FITC conjugated anti-mouse B220 (clone RA3-6B2; 
Pharmingen, San Diego, CA) , and Cy-Chrome conjugated anti- 
mouse B220 (clone RA3-6B2; Pharmingen, San Diego, CA) . We 
analyzed the stained cells using a FACScan flow cytometer and 
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LYSIS II software (Becton Dickinson, San Jose, CA) 
Macrophages and residual red cells are excluded by gating on 
forward and side scatter. Dead cells are excluded by gating 
out propidium iodide positive cells. The flow cytometric data 
5 in Figs. 49 and 50 confirms the Southern blot hybridization 
data and demonstrates that mouse #7655 expresses both human M 
and human k and relatively little if any m0 use „ or mouse K 
Nevertheless a significant fraction of the B cells (about 70- 
80%) appear to express hybrid Ig receptors consisting of human 
10 heavy and mouse X light chains. 

Fig. 49 shows the relative distribution of B cells 
expressing human M or mouse M on the cell surface; 0011 mouse 
(7655) lymphocytes are positive for human n but relatively 
lack mouse M; oooi mouse (7656) lymphocytes do not express 
15 much human „ or mouse M; wildtype mouse (7777) lymphocytes 
express mouse /x but lack human n. 

Fig. 50 shows the relative distribution of B cells 
expressing human , or mouse , on the cell surface; 0011 mouse 
(7655) lymphocytes are positive for human K but relatively 
20 lack mouse 0001 mouse (7656) lymphocytes do not express 
much human » or mouse *; wildtype mouse (7777) lymphocytes 
express mouse k but lack human k. 

Fig. 51 shows the relative distribution of B cells 
expressing mouse X on the cell surface; 0011 mouse (7655) 
lymphocytes are positive for mouse X; 0001 mouse (7656) 
lymphocytes do not express significant mouse X; wildtype mouse 
(7777) lymphocytes express mouse X but at a relatively lower 
level than the 0011 mouse (7655) . 

Fig. 52 shows the relative distribution of B cells 
positive for endogenous mouse X as compared to human , 
(transgene-encoded) . The upper left panel shows the results 
of cells from a wildtype mouse possessing functional 
endogenous heavy and light chain alleles and lacking human 
transgene(s); the cells are positive for mouse lambda. The 
upper right panel shows cells from a mouse (#5822) having a * 
knockout background (JKD++) and harboring the human K 
transgene intergration of the KCle-1399 line; the cells are 
positive for human k or mouse X in roughly proportional 
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amounts. The lower left panel shows cells from a mouse 
(#7132) having a k knockout background (JKD++) and harboring 
the human k transgene intergration of the KC2-1610 line; more 
cells are positive for mouse X than for human k, possibly 
5 indicating that the KC2-1610 transgene integration is less 

efficient than the KCle-1399 transgene integration. The lower 
right panel shows cells from a mouse harboring a human k 
minilocus transgene (KCo4) and lacking a functional endogenous 
murine k allele. The data presented in Fig. 52 also 

10 demonstrates the variability of phenotypic expression between 
transgenes. Such variability indicates the desirability of 
selecting for individual transgenes and/or transgenic lines 
which express one or more desired phenotypic features 
resulting from the integrated transgene (e.g., isotype 

15 switching, high level expression, low murine Ig background) . 
Generally, single or multiple transgene species (e.g., pKCle, 
pKC2, KCo4) are employed separately to form multiple 
individual transgenic lines differing by: (1) transgene, (2) 
site(s) of transgene integration, and/ or (3) genetic 

20 background. Individual transgenic lines are examined for 

desired parameters, such as: (1) capability to mount an immune 
respone to a predetermined antigen, (2) frequency of isotype 
switching within transgene-encoded constant regions and/or 
frequency of trans-switching to endogenous (e.g., murine) Ig 

25 constant region genes, (3) expression level of transgene- 
encoded immmunoglobulin chains and antibodies, (4) expression 
level of endogenous (e.g., murine) immunoglobulin 
immunoglobulin sequences, and (5) frequency of productive VDJ 
and VJ rearrangement. Typically, the transgenic lines which 

30 produce the largest concentrations of transgene-encoded (e.g., 
human) immunoglobulin chains are selected; preferably, the 
selected lines produce about at least 40 /Ltg/ml of transgene- 
encoded heavy chain (e.g., human /x or human 7) in the serum of 
the transgenic animal and/or about at least 100 fig /ml of 

35 transgene-encoded light chain (e.g., human k) . 

Mice were examined for their expression of human and 
murine immmunoglobulin chains in their unimmunized serum and 
in their serum following immunization with a specific antigen, 
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human CD4. Fig. 53 shows the relative expression of human n, 
human y, murine y., murine y, human k, murine «, and murine X 
chains present in the serum of four separate unimmunized 0011 
mice of various genotypes (nt = not tested); human * 
predominates as the most abundant light chain, and human p. and 
murine y (putatively a product of trans-switching) are the 
most abundant heavy chains, with variability between lines 
present, indicating the utility of a selection step to 
identify advantageous genotypic combinations that minimize 
expression of murine chains while allowing expression of human 
chains. Mice #6907 and 7088 show isotype switching (cis- 
switching within the transgene) from human fi to human 7. 

Fig. 54 shows serum immunoglobulin chain levels for 
human y. (huji) , human y (hu 7 ) , human k (hu«)\ murine p. (ms^) , 
murine 7 (ms 7 ) , murine K (ms«) , and murine X (msX) in mice of 
the various 0011 genotypes. 
Specific Antibody Response in 001 1 Mice 

An 0011 mouse (#6295) was immunized with an 
immunogenic dose of human CD4 according to the following 
immunization schedule: Day 0, intraperitoneal injection of 100 
Hi of CD4 mouse immune serum; Day 1, inject 20 fig of human CD4 
(American Bio-Tech) on latex beads with DDA in 100 nl; Day 15 
inject 20 yg of human CD4 (American Bio-Tech) on latex beads 
with DDA in 100 nl; Day 29 inject 20 fig of human CD4 (American 
Bio-Tech) on latex beads with DDA in 100 fil; Day 43 inject 20 
tig of human CD4 (American Bio-Tech) on latex beads with DDA in 
100 nl. 

Fig. 55 shows the relative antibody response to CD4 
immunization at 3 weeks and 7 weeks demonstrating the presence 
of human fi, human k, and human 7 chains in the anti-CD4 
response. Human 7 chains are present at significantly 
increased abundance in the 7 week serum, indicating that cis- 
switching within the heavy chain transgene (isotype switching) 
is occurring in a temporal relationship similar to that of 
35 isotype switching in a wildtype animal. 

Fig. 56 shows a schematic compilation of various 
human heavy chain and light chain transgenes. 
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EXAMPLE 28 

This example provides for the targeted knockout of 
the murine X light chain locus. 

Targeted Inactivation of the Murine Lambda Light Chain Locus 
5 Unlike the Ig heavy and kappa light chain loci, the 

murine V\J\ and CX gene segments are not grouped into 3 
families arranged in a 5 1 to 3' array, but instead are 
interspersed. The most 5 1 portion consists of two V segments 
(VX2 and VXX) which are followed, proceeding in a 3 1 

10 direction, by two constant region exons, each associated with 
its own J segment (JX2CX2 and the pseudogene JX4CX4) . Next is 
the most extensively used V segment (VXl) which is followed by 
the second cluster of constant region exons (JX3CX3 and 
JXicXi,). Overall the locus spans approximate 200 kb, with 

15 intervals of -20-90 kb between the two clusters. 

Expression of the lambda locus involves 
rearrangement of VX2 or VXX predominantly to JX2 and only 
rarely further 3' to JX3 or JXl. VXl can recombine with both 
JX3 and JXl. Thus the lambda locus can be mutated in order to 

20 fully eliminate recombination and expression of the locus. 

The distance between the two lambda gene clusters 
makes it difficult to inactivate expression of the locus via 
the generation of a single compact targeted deletion, as was 
used in inactivating the murine Ig heavy and kappa light chain 

25 loci. Instead, a small single deletion which would eliminate 
expression lambda light chains spans approximately 120 kb, 
extending from JX2CX2 to JXicXi (Fig. 57). This removes all 
of the lambda constant region exons as well as the VXl gene 
segment, ensuring inactivation of the locus. 

30 Replacement type targeting vectors (Thomas and 

Capecchi (1987) op.cit ) are constructed in which the deleted 
120 kb is replaced with the selectable marker gene, neo, in a 
PGK expression cassette. The marker is embedded within 
genomic lambda sequences flanking the deletion to provide 

35 homology to the lambda locus and can also contain the HSV- tk 
gene, at the end of one of the regions of homology, to allow 
for enrichment for cells which have homologously integrated 
the vectors. Lambda locus genomic clone sequences are 
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obtained by screening of a strain 129/Sv genomic phage library 
isogenic to the ES line being targeted, since the use of 
targeting vectors isogenic to the chromosomal DNA being 
targeted has been reported to enhance the efficiency of 
homologous recombination. Targeting vectors are constructed 
which differ in their lengths of homology to the lambda locus. 
The first vector (vector 1 in Fig. 58) contains the marker 
gene flanked by total of approximately 8-12 kb of lambda locus 
sequences. For targeting events in which replacement vectors 
mediate addition or detection of a few kb of DNA this has been 
demonstrated to be a more than sufficient extent of homology 
(Hasty et al. (1991) op.cit : Thomas et al.(1992) op.cit. 1 . 
Vectors with an additional approximately 40-60 kb of flanking 
lambda sequence are also constructed (vector 2 in Fig. 58) . 
Human Ig miniloci of at least 80 kb are routinely cloned and 
propagated in the plasmid vector pGPl (Taylor et al. (1993) 
op.cit l . 

An alternative approach for inactivation of the 
lambda locus employs two independent mutations, for example 
mutations of the two constant region clusters or of the two V 
region loci # in the same ES cell. Since both constant regions 
are each contained within -6 kb of DNA, whereas one of the V 
loci spans -19 kb, targeting vectors are constructed to 
independently delete the JX2CX2/JX4CX4 and the JX3CX3/JX1CX1 
loci. As shown in Fig. 58, each vector consists of a 
selectable marker (e.g., neo or pac) in a PGK expression 
cassette, surrounded by a total of -8-12 kb of lambda locus 
genomic DNA blanking each deletion. The HSV-tk gene can be 
added to the targeting vectors to enrich for homologous 
recombination events by positive-negative selection. ES cells 
are targeted sequentially with the two vectors, such that 
clones are generated which carry a deletion of one of the 
constant region loci; these clones are then targeted 
sequentially with the two vectors, such that clones will be 
generated which carry a deletion of one of the constant region 
loci, and these clones are then targeted to generate a 
deletion of the remaining functional constant region cluster. 
Since both targeting events are thus being directed to the 
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same cell, it is preferable to use a different selectable 
marker for the two targetings. In the schematic example shown 
in Fig. 58, one of the vectors contains the neo gene and the 
other the pac (puromycin N-acetyl transferase) gene. A third 
potential dominant selectable marker is the hyg (hygromycin 
phosphotransferase) gene. Both the pac and hyg genes can be 
been inserted into the PGK expression construct successfully 
used for targeting the neo gene into the Ig heavy and kappa 
light chain loci. Since the two lambda constant region 
clusters are tightly linked, it is important that the two 
mutations reside on the same chromosome. There preferably is 
a 50% probability of mutating the same allele by two 
independent targeting events, and linkage of the mutations is 
established by their co-segregation during breeding of 
chimeras derived from the doubly targeted ES cells. 



EXAMPLE 28 

This example provides for the targeted knockout of 
the murine heavy chain locus. 

Targeted Inactivation of the Murine Heavy Chain Locus 

A homologous recombination gene targeting transgene 
having the structure shown in Fig. 59 is used to delete at 
least one and preferably substantially all of the murine heavy 
chain locus constant region genes by gene targeting in ES 
cells. Fig. 59 shows a general schematic diagram of a 
targeting transgene. Segment (a) is a cloned genomic DNA 
sequence located upstream of the constant region gene(s) to be 
deleted (i.e, proximal to the J H genes); segment (b) comprises 
a positive selection marker, such as pgk-neo; segment (c) is a 
cloned genomic DNA sequence located downstream of the constant 
region gene(s) to be deleted (i.e, distal to the constan 
region gene(s) and and J H genes); and segment (d) , which is 
optional, comprises a negative selection marker gene (e.g., 
HSV-tJc) * Fig. 60 shows a map of the murine heavy chain locus 
as taken from Immunoglobulin Genes , Hon jo, T, Alt, FW, and 
Rabbits TH (eds.) Academic Press, NY (1989) p. 129. 
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A targeting transgene having a structure according 
to Fig. 59, wherein: (i) the (a) segment is the 11.5 kb insert 
of clone JH8.1 (Chen et al. (1993) Int. Immunol 5: 647) or an 
equivalent portion comprising about at least 1-4 kb of 
sequence located upstream of the murine Qx gene, (2) the (b) 
segment is pgk-neo as described supra, (3) the (c) segment 
comprises the 1674 bp sequence shown in Fig. 61 or a 4-6 kb 
insert isolated from a phage clone of the mouse Ca gene 
isolated by screening a mouse genomic clone library with the 
end-labeled oligonucleotide having the sequence: 
5'-gtg ttg cgt gta tea get gaa acc tgg aaa cag ggt gac cag-3 • 
and (4) the (d) segment comprises the HSV-t* expression 
cassette described supra. 

Alternatively, a stepwise deletion of one or more 
15 heavy chain constant region genes is performed wherein a first 
targeting transgene comprises homology regions, i.e., segments 
(a) and (c) , homologous to sequences flanking a constant 
region gene or genes, a first species of positive selection 
marker gene (pgk-neo) , and an HSV-tk negative selection 
20 marker. Thus, the (a) segment can comprise a sequence of at 
least about 1-4 kb and homologous to a region located upstream 
of C 7 3 and the (c) segment can comprise a sequence of at least 
about 1-4 kb and homologous to a region located upstream of 
C 7 2a. This targeting transgene deletes the C 7 3, C 7 1, C 7 2b, 
and C 7 2a genes. This first targeting transgene is introduced 
xntq ES cells and correctly targeted recombinants are selected 
(e.g., with G418), producing a correctly targeted C region 
deletion. Negative selection for loss of the HSV-t* cassette 
is then performed (e.g., with ganciclovir or FIAU) . The 
resultant correctly targeted first round C deletion 
recombinants have a heavy chain locus lacking the C 7 3, C 7 i, 
C 7 2b, and C 7 2a genes. 

A second targeting transgene comprises homology 
regions, i.e., segments (a) and (c) , homologous to sequences 
flanking a constant region gene or genes, a second species of 
positive selection marker gene different that the first 
species (e.g., gpt or pac) , and an HSV-tJc negative selection 
marker. Thus, the (a) segment can comprise a sequence of at 
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least about 1-4 kb and homologous to a region located upstream 
of Ce and the (c) segment can comprise a sequence of at least 
about 1-4 kb and homologous to a region located upstream of 
Ca. This targeting transgene deletes the Ce and Ca genes. 
5 This second targeting transgene is introduced into 

the correctly targeted C-region recombinant ES cells obtained 
from the first targeting event. Cells which are correctly 
targeted for the second knockout event (i.e., by homologous 
recombination with the second targeting transgene) are 
0 selected for with a selection drug that is specific for the 
second species of positive selection marker gene (e.g., 
mycophenolic acid to select for gpt; puromycin to select for 
pac) . Negative selection for loss of the HSV-tK cassette is 
then performed (e.g., with ganciclovir or FIAU) . These 
resultant correctly targeted second round C region 
recombinants have a heavy chain locus lacking the C73, C7I, 
072b, 072a, Ce, and Ca genes. 

Correctly targeted first-round or second-round 
recombinant ES cells lacking one or more C region genes are 
used for blastocyst injections as described (supra) and 
chimeric mice are produced. Germline transmission of the 
targeted heavy chain alleles is established, and breeding of 
the resultant founder mice is performed to generate mice 
homozygous for C-region knockouts. Such C-region knockout 
mice have several advantages as compared to J H knockout mice; 
for one example, C-region knockout mice have diminished 
ability (or completely lack the ability) to undergo trans- 
switching between a human heavy chain transgene and an 
endogenous heavy chain locus constant region, thus reducing 
the frequency of chimeric human/mouse heavy chains in the 
transgenic mouse. Knockout of the murine gamma genes is 
preferred, although /x and delta are frequently also deleted by 
homologous targeting. C-region knockout can be done in 
conjunction with other targeted lesions int he endogenous 
murine heavy chain locus; a C-region deletion can be combined 
with a J H knockout to preclude productive VDJ rearrangement of 
the murine heavy chain locus and to preclude or reduce trans- 
switching between a human heavy chain transgene and the murine 
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heavy chain locus, among others. For some embodiments, it may 
be desirable to produce mice which specifically lack one or 
more C-region genes of the endogenous heavy chain locus, but 
which retain certain other C-region genes; for example, it may 
5 be preferable to retain the murine Cct gene to allow to 

production of chimeric human/mouse IgA by trans-switching, if 
such IgA confers an advantageous phenotype and does not 
substantially interfere with the desired utility of the mice. 

10 EXAMPLE 29 

This example demonstrates ex vivo depletion of 
lymphocytes expressing an endogenous (murine) immunoglobulin 
from a lymphocyte sample obtained from a transgenic mouse 
harboring a human transgene. The lymphocytes expressing 
15 murine Ig are selectively depleted by specific binding to an 
anti-murine immunoglobulin antibody that lacks substantial 
binding to human immunoglobulins encoded by the transgene(s) . 
Ex Vivo De pletion of Murine Ia-Expressina B-cells 

A mouse homozygous for a human heavy chain minilocus 
20 transgene (HC2) and a human light chain minilocus transgene 

(KCo4) is bred with a C57BL/6 (B6) inbred mouse to obtain 2211 
mice (i.e., mice which: are homozygous for a functional 
endogenous murine heavy chain locus, are homozygous for a 
functional endogenous murine light chain locus, and which 
25 possess one copy of a human heavy chain transgene and one copy 
of a human light chain transgene) . Such 2211 mice also 
express B6 major and minor histocompatibility antigens. These 
mice are primed with an immunogenic dose of an antigen, and 
after approximately one week spleen cells are isolated. B 
30 cells positive for murine Ig are removed by solid phase- 
coupled antibody-dependent cell separation according to 
standard methods (Wysocki et al. (1978) Proc. Natl, Acad. Sci. 
(U.S.A. ) 75: 2844; MACS magnetic cell sorting, Miltenyi Biotec 
Inc., Sunnyvale, CA) , followed by antibody-dependent 
35 complement-mediated cell lysis ( Selected Methods in Cellular 
Immunology, Mishell BB and Shiigi SM (eds.), W.H. Freeman and 
Company, New York, 1980, pp. 211-212) to substantially remove 
residual cells positive for murine Ig. The remaining cells in 
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the depleted sample (e.g., T cells, B cells positive for human 
Ig) are injected i.v., preferably together with additional 
anti-murine Ig antibody to deplete arising B cells, into a 
SCID/B6 or RAG/B6 mouse. The reconstitutued mouse is then 
5 further immunized for the antigen to obtain antibody and 
affinity matured cells for producing hybridoma clones* 

EXAMPLE 3 0 

Production of Fully Human Antibodies in Somatic Chimeras 

10 A method is described for producing fully human 

antibodies in somatic chimeric mice. These mice are generated 
by introduction of embryonic stem (ES) cells, carrying human 
immunoglobulin (Ig) heavy and light chain transgenes and 
lacking functional murine Ig heavy and kappa light chain 

15 genes, into blastocysts from RAG-1 or RAG-2 deficient mice. 

RAG-1 and RAG-2 deficient mice (Hombaerts et al. 
(1992) Cell 68; 869; Shinkai et al. (1992) Cell 68 : 855) lack 
murine B and T cells due to an inability to initiate VDJ 
rearrangement and to assemble the gene segments encoding Igs 

20 and T cell receptors (TCR) . This defect in B and T cell 
production can be complemented by injection of wild-type ES 
cells into blastocysts derived from RAG-2 deficient animals. 
The resulting chimeric mice produce mature B and T cells 
derived entirely from the injected ES cells (Chen et al. 

25 (1993) Proc. Natl. Acad. Sci. USA 90 : 4528). 

Genetic manipulation of the injected ES cells is 
used for introducing defined mutations and/or exogenous DNA 
constructs into all of the B and/or T cells of the chimeras. 
Chen et al. (1993), Proc. Natl. Acad. Sci. USA 90:4528-4532) 

30 generated ES cells carrying a homozygous inactivation of the 
Ig heavy chain locus, which, when injected into RAG 
blastocysts, produced chimeras which made T cells in the 
absence of B cells. Transfection of a rearranged murine heavy 
chain into the mutant ES cells results in the rescue of B cell 

35 development and the production of both B and T cells in the 
chimeras. 

Chimeric mice which express fully human antibodies 
in the absence of murine Ig heavy chain or kappa light chain 
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synthesis can be generated. Human Ig heavy and light chain 
constructs are introduced into ES cells homozygous for 
inactivation of both the murine Ig heavy and kappa light chain 
genes. The ES cells are then injected into blastocysts 
derived from RAG 2 deficient mice% The resulting chimeras 
contain B cells derived exclusively from the injected ES cells 
which are incapable of expressing murine Ig heavy and kappa 
light chain genes but do express human Ig genes* 
Generation of ES cells Homozygous for Inactivation of the 
Immunoglobulin Heavy and Kappa Light Chain Genes 

Mice bearing inactivated Ig heavy and kappa light 
chain loci were generated by targeted deletion, in ES cells, 
of Ig J H and J K /C K sequences, respectively according to known 
procedures (Chen et al. (1993) EMBO J. 12: 821; and Chen et 
al. (1993) Int . Immunol . op.cit ) . The two mutant strains of 
mice were bred together to generate a strain homozygous for 
inactivation of both Ig loci. This double mutant strain was 
used for derivation of ES cells. The protocol used was 
essentially that described by Robertson (1987, in 
Teratocarcinomas and Embryonic Stem Cells: A Practical 
Approach, p. 71-112, edited by E.J* Robertson, IRL Press). 
Briefly, blastocysts were generated by natural matings of 
homozygous double mutant mice. Pregnant females were 
ovariectomized on day 2.5 of gestation and the "delayed" 
blastocysts were flushed from the uterus on day 7 of gestation 
and -cultured oh feeder cells, to help maintain their 
undifferentiated state. Stem cells from the inner cell mass 
of the blastocysts, identifiable by their morphology, were 
picked, dissociated, and passaged on feeder cells. Cells with 
a normal karyotype were identified, and male cell lines will 
be tested for their ability to generate chimeras and 
contribute to the germ cells of the mouse. Male ES cells are 
preferable to female lines since a male chimera can produce 
significantly more offspring. 

Introduction of Human la Genes into Mouse Ig Heavy and Kappa 
Light Chain Deficient ES cells 

Human immunoglobulin heavy and light chain genes are 
introduced into the mutant ES cells as either minilocus 
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constructs, such as HC2 and KC-C04, or as YAC clones, such as 
J1.3P. Transfection of ES cells with human Ig DNAs is carried 
out by techniques, such as electroporation or lipofection with 
a cationic lipid. In order to allow for selection of ES cells 
which have incorporated the human DNA, a selectable marker 
either is ligated to the constructs or is co-transf ected with 
the constructs into ES cells. Since the mutant ES cells 
contain the neomycin phosphotransf erse (neo) gene as a result 
of the gene targeting events which generated the Ig gene 
inactivations, different selectable markers, such as 
hygromycin phosphotransferase (hyg) or puromycin N-acetyl 
transferase (pac) , are used to introduce the human Ig genes 
into the ES cells. 

The human Ig heavy and light chain genes can be 
introduced simultaneously or sequentially, using different 
selectable markers, into the mutant ES cells. Following 
transfection, cells are selected with the appropriate 
selectable marker and drug-resistant colonies are expanded for 
freezing and for DNA analysis to verify and analyze the 
integration of the human gene sequences. 
Generation of Chimeras 

ES clones containing human Ig heavy and light chain 
genes are injected into RAG- 2 blastocysts as described 
(Bradley, A. (1987) , in Teratocarcinomas and Embryonic Stem 
Cells: A Practical Approach, p. 113-151, edited by E.J. 
Robertson, IRL Press) and transferred into the uteri of 
pseudopregnant females. Offspring are screened for the 
presence of human antibodies by ELISA assay of serum samples. 
Positive animals are used for immunization and the production 
of human monoclonal antibodies. 

EXAMPLE 31 

This example describes the introduction, via 
homologous recombination in ES cells, of a targeted frameshift 
mutation into the murine heavy chain locus leading to a 
deletion of B cells which undergo switch recombination. The 
frameshifted mice are suitable hosts for harboring non-murine 
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(e.g., human) transgenes encoding human sequence 
immunoglobulins . 

The novel frameshifted mice can be used for 
expressing non-murine (e.g., human) sequence immunoglobulins 
5 encoded by heavy chain transgene(s) and/ or light chain 

transgene(s) , and for the isolation of hybridomas expressing 
class-switched, affinity matured, human sequence antibodies 
from introduced transgenes, among other uses. A frameshift is 
introduced into one of the four mouse JH gene segments and 

10 into the first exon of the mouse /x gene. The two introduced 
frameshift mutations compensate for each other thus allowing 
for the expression of fully functional murine /x heavy chain 
when a B cell uses the frameshifted JH for a functional VDJ 
joint. None of the other three JH segments- can be used for 

15 functional VDJ joining because of the frameshift in /x, which 
is not compensated in the remaining JH genes. Alternatively, 
compensating frameshifts can be engineered into multiple 
murine JH genes. 

A mouse homozygous for a compensated, frameshifted 

20 . immunoglobulin heavy chain allele has an approximately 
physiological level of peripheral B cells, and an 
approximately physiological level of serum IgM comprising both 
murine and human jtx* However, B cells recruited into germinal 
centers frequently undergo a class switch to~a~non-/x isotype. 

25 Such a class switch in B cells expressing the endogenous 

murine fi chain leads to the expression of a non-compensated 
frameshift mRNA, since the remaining non-fx C H genes do not 
possess a compensating frameshift. The resulting B cells do 
not express a B cell receptor and are deleted. Hence, B cells 

30 expressing a murine heavy chain are deleted once they reach 
the stage of differentiation where isotype switching occurs. 
However, B cells expressing heavy chains encoded by a non- 
murine (e.g., human) transgene capable of isotype switching 
and which does not contain such isotype-restrictive 

35 frameshifts are capable of further development, including 
isotype switching and/or affinity maturation, and the like. 

Therefore, the frameshifted mouse has an impaired 
secondary response with regard to murine heavy chain (fx) but a 
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significant secondary response with regard to transgene - 
encoded heavy chains. If a heavy chain transgene that is 
capable of undergoing class switching is introduced into this 
mutant background, the non-IgM secondary response is dominated 
5 by transgene expressing B cells. It is thus possible to 
isolate affinity matured human sequence immunoglobulin 
expressing hybridomas from these frameshifted mice. Moreover, 
the frameshifted mice generally possess immunopfotective 
levels of murine IgM, which may be advantageous where the 
10 human heavy chain transgene can encode only a limited 
repertoire of variable regions. 

For making hybridomas secreting human sequence 
monoclonal antibodies, transgenic mutant mice are immunized; 
their spleens fused with a myeloma cell line; and the 
15 resulting hybridomas screened for expression of the transgene 
encoded human non-n isotype. Further, the frameshifted mouse 
may be advantageous over a JH deleted mouse because it will 
contain a functional fi switch sequence adjacent to a 
transcribed VDJ which serves as an active substrate for cis- 
20 switching (Gu et al. (1993) Cell 73: 1155); thus reducing the 
level of trans-switched B cells that express chimeric 
human/mouse antibodies. 
Constructio n of Frameshift Vectors 

Two separate frameshift vectors are built. One of 
25 the vectors is used to introduce 2 nucleotides at the 3« end 
of the mouse J4 gene segment, and one of the vectors is used 
to delete those same two nucleotides from the 5« end of exon 1 
of the mouse n gene. 

30 1. JH vector. 

A 3.4 kb XhoI/EcoRl fragment covering the mouse 
heavy chain J region and the n intronic enhancer is subcloned 
into a plasmid vector that contains a neomycin resistance gene 
as well as a herpes thymidine kinase gene under the control of 

35 a phosphoglycerate kinase promoter (tk/neo cassette; Hasty et 
al., (1991) Nature 350: 243). This clone is then used as a 
substrate for generating 2 different PCR fragments using the 
following oligonucleotide primers: 
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o-A2 5 • - 

o-A3 5 1 - 

ggc etc -3 • 
5 o-A4 5 ' - 



cca cac tct gca 
ggt gac tga ggt 
ggt tac etc agt 

agg etc cac cag 
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tgc tgc aga age 
acc ttg acc cca 
cac cgt etc etc 

acc tct eta gac 



ttt tct gta -3 ' 
gta gtc cag -3 • 
aga ggt aag aat 

age aac tac -3 • 



20 



Oligonucleotides o-Al and o-A2 are used to amplify a 
1.2 kb fragment which is digested with SphI and KpnI. 
Oligonucleotides o-A3 and o-A4 are used to amplify a 0.6 kb 
10 fragment which is digested with KpnI and Xbal. These two 
digested fragments are then cloned into Sphl/Xbal digested 
plasmid A to produce plasmid B. 

Plasmid B contains the 2 nucleotide insertion at the 
end of the J4 and, in addition, contains aT new KpnI site 
15 upstream of the insertion. The KpnI site is used as a 
diagnostic marker for the insertion. 

Additional flanking sequences may be cloned into the 
5- Xhol site and the 3- EcoRI site of plasmid B to increase 
its homologous recombination efficiency. The resulting 
plasmid is then digested with SphI, or another restriction 
enzyme with a single site within the insert, and 
electroporated into embryonic stem cells which are then 
selected with G418 as described by Hasty et al. (1991) op.cit . 
Homologous recombinants are identified by Southern blot 
25 hybridization and then selected with FIAU as described by 
Hasty et al. to obtain deleted subclones which contain only 
the 2 base pair insertion and the new KpnI site in JH4. These 
are identified by Southern blot hybridization of KpnI digested 
DNA and confirmed by DNA sequence analysis of PCR amplified 
30 JH4 DNA. 

The resulting mouse contains a JH4 segment that has 
been converted from the unmutated sequence: 

. . . TGGGGTCAAGGAACCTCAGTCACCGTCTCCTCAG gtaagaatggcctctcc . . . 

TrpGlyGlnGlyThrSerValThrVAlSerSerGlu 
35 to the mutant sequence: 

. . .TGGGGTCAAGGTACCTCAGTCACCGTCTCCTCAGAGgtaagaatggcctctcc. 
TrpGlyGlnGlyThrSerValThrVAlSerSerGlu 
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u Exon 1 Vector 

Using similar in - vitro mutagenesis methodology 
described above to engineer; a two base pair insertion into the 
JH4 gene segment, PCR products and genomic subclones are 
5 assembled to create a vector containing a two base pair 

deletion at the 5' end of the first p exon- In addition, to 
mark the mutation, a new XmnI site is also introduced 
downstream by changing an A to a G. 

The sequence of the unmutated /x gene is: 
10 ... ctggtcctcagAGAGTCAGTCCTTCCCAAATGTCTTCCCCCTCGTC . . . 

GluSerGlnSerPheProAsnValPheProLeuVal 
The sequence of the mutated /i gene is: 

XmnI 

. . .ctggtcctcag AGTCAGTCCTTCCCGAATGTCTTCCCCCTCGTC. . . 

1 5 SerG InS er PhePr OAs nVa lPhePr oLeuVa 1 

The homologous recombination vector containing the mutant 
sequence is linearized and electroporated into an ES cell line 
containing the JH4 insertion. Homologous recombinants are 
identified from neomycin-resistant clones. Those homologous 

20 recombinants that contain the frameshift insertion on the same 
chromosome as the JH4 insertion are identified by Southern 
blot hybridization of KpnI/BamHI digested DNA. The JH4 
insertion is associated with a new Kpnl site that reduces the 
size of the J-/u intron containing KpnI/BamHI fragment from the 

25 wild type 11.3 kb to a mutant 9 kb. The resulting clones are 
then selected for deletion of the inserted tk/neo cassette 
using FIAU. Clones containing the mutant m exon are 
identified by Southern blot hybridization of XmnI digested 
DNA. The mutation is confirmed by DNA sequence analysis of 

30 PCR amplified /i exonl DNA. 

Generation of Frameshifted Mice 

The ES cell line containing both the two base pair 
insertion in JH4 f and the two base pair deletion in fx exon 1, 
is then introduced into blastocyst stage embryos which are 

3 5 inserted into pseudopregnant females to generate chimeras. 

Chimeric animals are bred to obtain germline transmission, and 
the resulting animals are bred to homozygosity to obtain 
mutant animals homozygous for compensated frameshifted heavy 
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chain loci and having impaired secondary humoral immune 
responses in B cells expressing murine heavy chains. 

A human heavy chain transgene, such as for example 
pHCl or pHC2 and the like, may be bred into the murine heavy 
5 chain frameshift background by crossbreeding mice harboring 
such a human transgene into mice having the frameshifted 
murine IgH locus. Via interbreeding and backcrossing, mice 
homozygous at the murine IgH locus for /i-compensated 
frameshifted murine IgH alleles (i.e., capable of compensated 
10 in-frame expression of only murine fi and not murine non-/x 
chains) and harboring at least one integrated copy of a 
functional human heavy chain transgene (e.g., pHCl or pHC2) 
are produced. Such mice may optionally contain knockout of 
endogenous murine k and/or X loci as described supra, and may 
15 optionally comprise a human or other non-murine light chain 
transgene (e.g., pKCle, pKC2, and the like). 

Alternatively, the human transgene (s) (heavy and/or 
light) may comprise compensating frameshifts, so that the 
transgene J gene(s) contain a frameshift that is compensated 
20 by a frameshift in the transgene constant region gene(s) . 
Trans-switching to the endogenous constant region genes is 
uncompensated and produces a truncated or nonsense product; B 
cells expressing such uncompensated trans-switched 
immunoglobulins are selected against and depleted. 

25 

EXAMPLE 32 

Endogenous Heavy Chai n Inactivation by D Region Ablation 

This example describes a positive-negative selection 
homologous recombination vector for replacing the mouse 

30 germline immunoglobulin heavy chain D region with a 

nonfunctional rearranged VDJ segment. The resulting allele 
functions within a B cell as a normal non-productive allele, 
with the allele undergoing intra-allele heavy chain class 
switching, thereby reducing the level of trans-switching to an 

35 active transgene locus. 

D Region Targeting Construct 

An 8-15 kb DNA fragment located upstream of the 
murine D region is isolated and subcloned from a mouse strain 
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129 phage library using an oligonucleotide probe comprising 
approximately 50 consecutive nucleotides of the published 
sequence for the DFL16.1 segment listed in GenBank. DFL16.1 
is the upstream D segment (i.e., proximal to the V region gene 
5 cluster and distal to the constant region gene cluster) . 

Similarly, a 9.5 kb BamHI fragment containing JH3, 
JH4 , Efi, S/x; and the first two coding exons of the \x constant 
region is isolated and subcloned from a mouse strain 129 
genomic phage library. 

10 A 5-10 kb rearranged VDJ is then isolated from a 

mouse hybridoma (any strain) and a synthetic linker containing 
a stop codon is inserted into the J segment. The stop linker 
within the J is preferable to an out-of -frame VDJ junction 
because of the possibility of V replacement rearrangements. 

15 These three fragments are assembled together with a 

PGKneo positive selection cassette and a PGKHSVtk negative 
selection cassette to form a positive-negative selection 
vector for eliminating the mouse D region in 129-derived ES 
cells (e.g., AB1) by homologous recombination. The targeting 

20 vector is formed by ligating the 8-15 kb DNA fragment to the 
positive selection cassette (e.g., PGKneo), which is itself 
ligated to the rearranged 5-10 kb rearranged VDJ, which is 
itself ligated to the 9.5 kb BamHI fragment; the negative 
selection cassette (e.g., PGKHSVtk) is then ligated at either 

25 end of the targeting construct. The construction of such a D 
region targeting vector is shown schematically in Fig. 63. 

The D region targeting construct is transferred into 
AB1 ES cells, positive and negative selection is performed as 
described above, and correctly targeted ES cells are cloned. 

3 0 The correctly targeted ES cell clones are used for blastocyst 
injections and chimeric mice are produced. The chimeric mice 
are bred to produce founder mice harboring a D-region 
inactivated heavy chain allele. Interbreeding of offspring is 
performed to produce homozygotes lacking a functional 

35 endogenous heavy chain locus. Such homozygotes are used to 
crossbreed to mice harboring human Ig transgenes (e.g., pHCl, 
pHC2, pKC2, pKCle, KCo4) to yield (by further backcrossing to 
the homozygotes lacking a functional D-region) mice lacking a 
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functional endogenous heavy chain locus and harboring a human 
heavy transgene (and preferably also a human light chain 
transgene) . In embodiments where some functional endogenous 
light chain loci remain (e.g., X loci), it is generally 

5 preferred that transgenes contain transcriptional control 
seguences that direct high level expression of human light 
chain (e.g., K ) polypeptides, and thus allow the transgene 
locus to compete effectively with the remaining endogenous 
light chain (e.g., X) loci. For example, the Co4 kappa light 

0 chain transgene is generally preferred as compared to pKCl 
with regard to the ability to compete effeectively with the 
endogenous X loci in the transgenic animal. 



EXAMPLE 33 

15 This example describes expansion of the human light 

chain transgene V gene repertoire by co- injection of a human k 
light chain minilocus and a yeast artificial chromosome 
comprising a portion of the human Vk locus. 

Introduction of Functional Human Light Chain V Segments bv Co- 

20 Injection of Vy- Containing YAC DNA and a k Minilocus 

An approximately 450 Jcb YAC clone containing part of 
the human Vic locus was obtained as a non-amplified YAC DNA 
from clone 4xl7El of the publicly available ICRF YAC library 
(Larin et al. (1991) Proc. Natl. Acad. Sci. (U.S.A. \ 88: 4123; 

25 Genome Analysis Laboratory, Imperial Cancer Research Fund, 

London, UK) . The 450 kb YAC clone was isolated without prior 
amplification by standard pulsed-field gel electrophoresis as 
per the manufacturer ' s specif icat ions (CHEF DR-II 
electrophoresis cell, Bio-Rad Laboratories, Richmond, CA) . 

30 six individual pulse field gels were stained with ethidium 
bromide and the gel material containing the YAC clone DNA was 
excised from the gel and then embedded in a new (low melting 
point agarose in standard gel buffer) gel cast in a triangular 
gel tray. The resulting triangular gel (containing the six 

55 excised YAC-containing gel blocks) was extended at the apex 
with a narrow agarose gel with 2 M NaOAc in addition to the 
standard electrophoresis buffer. The gel was then placed in 
an electrophoresis chamber immersed in standard gel buffer. 
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The Y-shaped gel former rises above the surface of the buffer, 
so that current can only flow to the narrow high salt gel 
portion. A plexiglas block was placed over the high salt gel 
slice to prevent diffusion of the NaOAc into the buffer. The 
5 YAC DNA was then electrophoresed out of the original excised 
gel sliced (embedded) and into the narrow high salt gel 
portion. At the point of transition from the low salt gel to 
the high salt gel, there is a resistance drop that effectively 
halts the migration of the DNA at the apex of the triangular 
10 gel. 

Following electrophoresis and staining with ethidium 
bromide, the concentrated YAC DNA was cut away from the rest 
of the gel and the agarose was digested with GELase (Epicentre 
Technologies, Madison, Wisconsin) . Cesium chloride was then 

15 added to the resultant YAC-containing liquid to obtain a 

density of 1.68 g/ml. This solution was centrifuged at 37,000 
rpm for 36 hours to separate the YAC DNA from any 
contaminating material. 0.5 ml fractions of the resulting 
density gradient' were isolated and the peak DNA fraction was 

20 dialyzed against 5 mM Tris (pH 7.4), 5 mM NaCl, 0.1 M EDTA. 

Following dialysis, the concentration of the resulting 0,65 ml 
solution of YAC DNA was found to contain 2 nq/nl of DNA. This 
YAC DNA was mixed with purified DNA insert from plasmids pKClB 
and pKV4 at a ratio of 20:1:1 (micrograms YAC4xl7El:KClB:KV4) . 

25 The resulting 2 /zg/ml solution was injected into the pronuclei 
of half -day B6CBF2 embryos, and 95 surviving microinjected 
embryos were transferred into the oviducts of pseudopregnant 
females. Twelve mice which developed from the microinjected 
embryos were born. 

30 

EXAMPLE 34 

This example describes class-switching, somatic 
mutation, and B cell development in immunized transgenic mice 
homozygous for an inactivated endogenous immunoglobulin locus 
35 and containing the HC1 or HC2 heavy chain transgene(s) . 

To demonstrate that a human sequence germline 
configuration minilocus can functionally replace the authentic 
locus, we bred a mouse strain lacking endogenous IgH with 
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strains containing human germline-conf iguration IgH 
transgenes. The two transgene miniloci, HC1 and HC2, include 
one and four functional variable (V) segments respectively 10 
and 16 diversity (D) segments respectively, all six joining 
5 (JH) segments, and both the /x and 71 constant region segments. 
The miniloci include human cis-acting regulatory sequences — 
such as the JH-/2 intronic enhancer and the m and 71 switch 
sequences — that are closely linked to the coding segments. 
They also include an additional enhancer element derived from 

10 the 3 1 end of the rat IgH locus. We crossed HC1 and HC2 

transgenic mice with stem-cell derived mutant mice that lack 
JH segments (JHD mice) as described ( supra ) and cannot 
therefore undergo functional heavy chain rearrangements. The 
resulting transgenic- JHD mice contain B cells that are 

15 dependent on the introduced heavy chain sequences. 

Immunizations and hvbridomas . 

We immunized mice by intraperitoneal injections of 
50-100/xg of antigen. Antigens included human carcinoembryonic 

20 antigen (CEA; Crystal Chem, Chicago, IL) , hen eggwhite 
lysozyme (HEL; Pierce, Rockford, IL) , and keyhole limpet 
hemocyanin (KLH; Pierce, Rockford, IL) . For primary 
injections we mixed the antigen with complete Freund's 
adjuvant, for subsequent injections we used incomplete 

25 Freund's adjuvant (Gibco BRL, Gaithersburg, MD) . We fused 
spleen cells with the non-secreting mouse myeloma P3X63- 
Ag8.653 (ATCC, CRL1580) . We assayed serum samples and 
hybridoma supernatants for the presence of specific and non- 
specific antibody comprising human heavy chain sequences by 

30 ELISA. For detection of non-specific antibodies we coated 
microtiter wells with human heavy chain isotype specific 
antibody (mouse MAb a human IgGl, clone HP6069, Calbiochem, La 
Jolla, CA; mouse MAb a human IgM, clone CH6, The Binding Site, 
Birmingham, UK) and developed with peroxidase conjugated 

35 antisera (horseradish peroxidase conjugated affinity purified 
fab fragment from polyclonal goat a human IgG(fc) , cat # 109- 
036-098; affinity purified horseradish peroxidase conjugated 
polyclonal rabbit a human IgM(fc) , cat # 309-035-095. Jackson 
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Immuno Research, West Grove, PA)- For detection of antigen- 
specific antibodies we coated microtiter wells with antigen 
and developed with peroxidase-conjugated human heavy chain 
isotype specific antisera. We detected bound peroxidase by 
5 incubation with hydrogen peroxide and 

2,2 l -Azino-bis-(3-Ethylbenzthiazoline-6-Sulfonic Acid, Sigma 

Chem. Co., St. Louis, MO). The reaction product is measured 
by absorption at 415 nm, and corrected for absorption at 
490 nm. 

10 

Flow cytometry . 

We prepared single cell suspensions from spleen, 
bone marrow, and peritoneal cavity, and lysed red cells with 
NH 4 C1, as described by Mishell and Shiigi. -.The lymphocytes 

15 are stained with the following reagents: Phycoerythrin 

conjugated anti-mouse Ig* (clone X36; Becton Dickinson, San 
Jose, CA) , FITC conjugated anti-mouse IgD (clone SBA 1, 
Southern Biotech, AL) , FITC conjugated anti-mouse CD5 (clone 
53-7.3; Becton Dickinson, San Jose, CA) , FITC conjugated anti- 

20 mouse .IgX (clone R26-46; Pharmingen, San Diego, CA) , and Cy- 
Chrome conjugated anti-mouse B220 (clone RA3-6B2 ; Pharmingen, 
San Diego, CA) . We analyzed the stained cells using a FACScan 
flow cytometer and LYSIS II software (Becton Dickinson, San 
Jose, CA) . Most macrophages, neutrophils, and residual red 

25 cells are excluded by gating on forward and side scatter. 

Rescue of B cell compartment 

In the peritoneal cavity of HC1 transgenic-JHD 
animals we find normal levels of CD5 + B cells and 

30 approximately one-guarter the normal level of conventional 
CD5" B cells. The transgenic peritoneal CD5 + B cells are 
similar to the so-called B-l cells described in normal 
animals: they are larger than conventional B and T 
lymphocytes, they express lower levels of B220 than the 

3 5 conventional B cells found in the spleen, and they include a 
higher proportion of X light chain expressing cells. Over 90% 
of the splenic B cells express k, while up to 50% of the 
peritoneal B cells express X. Thus, while the level of 
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conventional B cells is uniformly reduced in all tissues, the 
level of B-i, which are reported to have a much greater 
capacity for self -renewal, appears to be normal in the HCl 
transgenic-JHD animals. 

Class switching . 

In transgenic-JHD mice, repeated exposure to antigen 
results in the production of human yl antibodies as well as n 
antibodies. We injected human CEA into transgenic-JHD mice at 
weekly intervals and monitored the serum levels of antigen- 
specific lg M and IgGl over a period of four weeks (Fig. 63). 
At one week there is a detectable IgM response but no IgGl 
response. However, the IgGl response is greater than the i gM 
response after two weeks, and it continues -to increase while 
15 the IgM response remains relatively constant. This pattern— 
an initial IgM reaction followed by an IgG reaction— is 
typical of a secondary immune response; and it suggests that 
cis-acting sequences included in the transgene may be 
responding to cytokines that direct class switching. We have 
considered three possible mechanisms for expression of non-» 
isotypes, each of which have been discussed in the literature. 
These mechanisms are: alternative splicing, which does not 
involve deletion of the \i gene; «ff-type» switching, which 
involved deletion of the (i gene via homologous" recombination 
between flanking repeat seguences; and non-homologous 
recombination between switch regions. The results of our 
experiments, described below, are indicative of a switch 
region recombination model. 

Two types of non-deletional alternative splicing 
mechanisms can be invoked to explain an isotype shift. First, 
it is possible that a single transcript covering both /x and yl 
is expressed from the transgene; this transcript could be 
alternatively spliced in response to cytokines induced by 
exposure to antigen. Alternative, a cytokine induced sterile 
transcript initiating upstream of yl could be trans-spliced to 
the n transcript, if either of these mechanisms were 
responsible for the expression of human yl sequences, then we 
would expect to be able to isolate hybridomas that express 
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both /x and 7I. However, although we have screened .several 
hundred hybridomas expressing either human jx or human 7I, we 
have not found any such double producer 7 1+ ) hybridomas. 

This indicates that expression of 7I is accompanied by 
5 deletion of the /x gene. 

Deletion of the /x gene can be mediated by non- 
homologous recombination between the /i and 71 switch regions, 
or by homologous recombination between the two flanking 400 bp 
direct repeats (a/x and £/x) that are included in the HC1 and 

10 HC2 transgenes. Deletional recombination between a/x and Sjx 
has been reported to be responsible for the IgD + , IgM" 
phenotype of some human B cells. While the first mechanism, 
non-homologous switch recombination, should generate switch 
products of varying lengths, the second mechanism, c/x/Sm 

15 recombination, should always generate the same product. We 
performed a Southern blot analysis of genomic DNA isolated 
from three hybridomas (Fig. 64A) , one expressing m and two 
expressing 7I. We find genomic rearrangements upstream of the 
transgene 71 only in the two the 71 switch regions (Fig. 64B) . 

20 Furthermore, neither of the observed structures is compatible 
with homologous recombination between a/x and 2/x. Our results 
are therefore consistent with a model for 7I isotype 
expression mediated by deletional non-homologous recombination 
between the transgene encoded /x and 71 switch regions. 

25 

Trans-switching. 

In addition to human 71, we find mouse 7 in the 
serum of HC1 and HC2 transgenic- JHD mice. We have also 
obtained mouse 7 expressing hybridomas from these animals. 

30 Because the non-transgenic homozygous JHD animals do not 
express detectable levels of mouse immunoglobulins, we 
attribute the expression of mouse 7 in the HCl and HC2 
transgenic- JHD animals to the phenomenon of trans-switching. 
All of the transgenic hybridomas that we have analyzed express 

35 either mouse or human constant region sequences, but not both. 
It is therefore unlikely that a trans-splicing mechanism is 
involved. We used PCR amplification to isolate cDNA clones of 
trans-switch products, and determined the nucleotide sequence 
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of 10 of the resulting clones (Fig. 65). The 5 1 
oligonucleotide in the PGR amplification is specific for the 
transgene encoded. VH251, and the 3' oligonucleotide is 
specific for mouse 71, <y2b , and 73 sequences. We find 
5 examples of trans-switch products incorporating all three of 
these mouse constant regions. 

Somatic mutation » 

Approximately 1% of the nucleotides within the 

10 variable regions of the trans-switch products shown in Fig. 7 
are not germline encoded. This is presumably due to somatic 
mutation. Because the mutated sequence has been translocated 
to the endogenous locus, the cis-acting sequences directing 
these mutations could be located anywhere 3* of the mouse 7 

15 switch. However, as we discuss below, we also observe somatic 
mutation in VDJ segments that have not undergone such 
translocations; and this result indicates that sequences 
required by heavy chain somatic mutation are included in the 
transgene. 

20 To determine if the HC1 and HC2 constructs include 

sufficient cis-acting sequences for somatic mutation to occur 
in the transgenic-JHD mice, we isolated and partially 
sequenced cDNA clones derived from two independent HC1 
transgenic lines and one HC2 line. We find that some of the 

15 71 transcripts from transgenic-JHD mice contain V regions with 
extensive somatic mutations. The frequency of these mutated 
transcripts appears to increase with repeated immunizations. 
Figs. 66A and 66B show two sets of cDNA sequences: one set is 
derived form an HC1 (line 26) transgenic-JHD mouse that we 

0 immunized with a single injection of antigen 5 days before we 
isolated RNA; the second set is derived from an HC1 (line 26) 
transgenic-JHD mouse that we hyper immunized by injecting 
antigen on three different days beginning 5 months before we 
isolated RNA; the second set is derived from an HC1 (line 26) 

5 transgenic-JHD mouse that we hyper immunized by injecting 

antigen on three different days beginning 5 months before we 
isolated RNA. Only 2 of the 13 V regions from the 5 day post- 
exposure mouse contain any non-germline encoded nucleotides. 
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Each of these V's contains only a single nucleotide change, 
giving an overall somatic mutation frequency of less than 0.1% 
for this sample- In contrast, none of the 13 V sequences from 
the hyper immunized animal are completely germline, and the 
5 overall somatic mutation frequency is 1.6%. 

Comparison of n and 71 transcripts isolated from a 
single tissue sample shows that the frequency of somatic 
mutations is higher in transgene copies that have undergone a 
class switch. We isolated and partially sequenced 47 

10 independent m and 7I cDNA clones from a hyper immunized CHI 

line 57 transgenic-JHD mouse (Fig- 67A and 67B) . Most of the 
/x cDNA clones are unmodified relative to the germline 
sequence, while over half of the 71 clones contain multiple 
non-germline encoded nucleotides. The 7I expressing cells are 

15 distinct from the /x expressing cells and, while the two 
processes are not necessarily linked, class switching and 
somatic mutation are taking place in the same sub-population 
of B cells. 

Although we do not find extensive somatic mutation 

20 of the VH251 gene in non-hyperimmunized CHI transgenic mice, 
we have found considerable somatic mutation in VH56pl and 
VHSlpl genes in a naive HC2 transgenic mouse. We isolated 
spleen and lymph node RNA from an unimmunized 9 week old 
female HC2 transgenic animal. We individually amplified 7I 

25 transcripts that incorporate each of the four V regions in the 
HC2 transgene using V and 71 specific primers. The relative 
yields of each of the specific PCR products were 
VH56pl»VH51pl>VH4.21>VH251. Although this technique is not 
strictly quantitative, it may indicate a bias in V segment 

30 usage in the HC2 mouse. Fig. 68 shows 23 randomly picked 7I 
cDNA sequences derived from PCR amplifications using an 
equimolar mix of all four V specific primers. Again we 
observe a bias toward VH56pl (19/23 clones) . In addition, the 
VH56pl sequences show considerable somatic mutation, with an 

35 overall frequency of 2.1% within the V gene segment. 

Inspection of the CDR3 sequences reveals that although 17 of 
the 19 individual VH56pl clones are unique, they are derived 
from only 7 different VDJ recombination events. It thus 
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appears that the VH56pl expressing B cells are selected, 
perhaps by an endogenous pathogen or self antigen, in the 
naive animal. It may be relevant that this same gene is over- 
represented in the human fetal repertoire, 

5 

Summary 

Upstream cis-acting sequences define the 
functionality of the individual switch regions, and are 
necessary for class switching. Our observation— that class 

10 switching within the HC1 transgene is largely confined to 
cells involved in secondary response, and does not occur 
randomly across the entire B cell population—suggests that 
the minimal sequences contained with the transgene are 
sufficient. Because the y sequences included in this 

15 construct begin only 116 nucleotides upstream of the start 
site of the 7 i sterile transcript, the switch regulatory 
region is compact. 

Our results demonstrate that these important cis- 
acting regulatory elements are either closely linked to 

20 individual y genes, or associated with the 3 1 heavy chain 

enhancer included in the HC1 and HC2 transgenes. Because the 
HC1 and HC2 inserts undergo transgene-autonomous class 
switching — which can serve as a marker for sequences that are 
likely to have been somatically mutated— we were able to 

25 easily find hypermutated transcripts that did not originate 
from translocations to the endogenous locus. We found 
somatically mutated 7 transcripts in three independent 
transgenic lines (two HC1 lines and one HC2 line). It is 
therefore unlikely that sequences flanking the integration 

30 sites of the transgene affect this process; instead, the 

transgene sequences are sufficient to direct somatic mutation. 

EXAMPLE 3 5 

This example describes the generation of hybridomas 
35 from mice homozygous for an inactivated endogenous 

immunoglobulin locus and containing transgene sequences 
encoding a human sequence heavy chain and human sequence light 
chain. The hybridomas described secrete monoclonal antibodies 
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comprising a human sequence heavy chain and a human seqeunce 
light chain and bind to a predetermined antigen expressed on T 
lymphocytes. The example also demonstrates the capacity of 
the mice to make a human sequence antibody in response to a 
5 human-derived immunogen, human CD4 , and the suitability of 
such mice as a source for making hybridomas secreting human 
sequence monoclonal antibodies reactive with human antigens, 

A. Generation of Human la Monoclonal Antibodies Derived from 

10 HC1 Transgenic Mice Immunized with a Human CD 4 Antigen 

A transgenic mouse homozygous for a functionally 
disrupted J H locus and harboring a transgene capable of 
rearranging to encode a human sequence heavy chain and a 
transgene capable of rearranging to encode a human sequence 

15 light chain was immunized. The genotype of the mouse was HC1- 
26 + KCle-1536 + J H D + / + J K D~, indicating homozygosity for murine 
heavy chain inactivation and the presence of germline copies 
of the HC1 human sequence heavy chain transgene and the KCle 
human sequence light chain transgene. 

20 The mouse was immunized with a variant of the EL4 

cell line (ATCC) expressing a mouse-human hybrid CD4 molecule 
encoded by a stably transfected polynucleotide. The expressed 
CD4 molecule comprises a substantially human-like CD4 
sequence. Approximately 5 x 10 6 cells in 100~m1 of PBS 

25 accompanied by 100 pi of Complete Freund's Adjuvant (CFA) were 
introduced into the mouse via intraperitoneal injection on Day 
0. The inoculation was repeated on Days 7, 14, 21, 28, 60, 
and 77, with test bleeds on Days 18, 35, and 67. The spleen 
was removed on Day 81 and approximately 7.2 x 10 7 spleen cells 

30 were fused to approximately 1.2 x 10 7 fusion partner cells 
(P3x63Ag8.653 cell line; ATCC) by standard methods (PEG 
fusion) and cultured in RPMI 1640 15 % FCS, 4 mM glutamine, 1 
mM sodium pyruvate plus HAT and PSN medium. Multiple fusions 
were performed. 

35 Hybridomas were grown up and supernatants were 

tested with ELISA for binding to a commercial source of 
purified recombinant soluble human sequence CD4 expressed in 
CHO cells (American Bio-Technologies, Inc. (ABT) , Cambridge, 
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MA) and/or CD4 obtained from NEN-DuPont. The ABT sample 
contained a purified 55 kD human CD4 molecule comprised the v 2 
through V 3 domains of human CD4 . The recombinant human 
sequence CD4 (produced in CH0-K1 cells) was adsorbed to the 
5 assay plate and used to capture antibody from hybridoma 

supernatants, the captured antibodies were then evaluated for 
binding to a panel of antibodies which bind either human n, 
human k, human y, murine n, or murine k. 

One hybridoma was subcloned from its culture plate 
10 well, designated 1F2. The 1F2 antibody bound to the ABT CD4 
preparation, was positive for human n and human k, and was 
negative for human y, mouse y, and mouse k. 



15 



20 



B * Generation of Human Tcr Monclon^l A ntibodies Derived fr-™ 
HC2 Transgenic Mice Immunized with Hn man end ?md Human T q v 

The heavy chain transgene, HC2, is shown in Fig. 56 
and has been described supra (see, Example 34). 

The human light chain transgene, KCo4, depicted in 
Fig. 56 is generated by the cointegration of two individually 
cloned DNA fragments at a single site in the mouse genome. 
The fragments comprise 4 functional Vk segments, 5 J segments, 
the Ck exon, and both the intronic and downstream enhancer 
elements (see Example 21) (Meyer and Neuberger (1989), EMBO ,t. 
8:1959-1964; Judde and Max (1992), Mol. Cell Ri»1 . 12:5206- 
25 5216) . Because the two fragments share a common 3 kb sequence 
(see Fig. 56), they can potentially integrate' into genomic DNA 
as a contiguous 43 kb transgene, following homologous 
recombination between the overlapping sequences. It has been 
demonstrated that such recombination events frequently occur 
30 upon microinjection of overlapping DNA fragments (Pieper et 
al. (1992), Nucleic Acids Peg. 20:1259-1264). Co-injected 
DNA's also tend to co-integrate in the zygote, and the 
sequences contained within the individually cloned fragments 
would subsequently be jointed by DNA rearrangement during B 
35 cell development. Table n shows that transgene inserts from 
at least 2 of the transgenic lines are functional. Examples 
of VJ junctions incorporating each of the 4 transgene encoded 
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V segments, and each of the 5 J segments, are represented in 
this set of 3 6 clones. 
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Table 11 Human light chain V and J segment usage in KCo4 transgenic 
'. mice. The table shows the number of PCR clones, amplified from cDNA 
derived from two transgenic lines, which contain the indicated human kappa 
sequences. cDNA was synthesized using spleen RNA isolated from w 
individual KCo4 transgenic mice (mouse #8490, 3 mo., male, KCo4 line 
4437; mouse #8867, 2.5 mo., female, KCo4 line 4436). The cDNA was 
amplified by PCR using a Ck specific oligonucleotide, 5 'TAG AAG GAA 
AGC AGG CAC ACA ACA GAG GCA GTT CCA 3*, AND A 1 -3 
?^i U ™ the fo,,ow,n 2 2 v * specific oligonucleotides: 5* AGC TTC TCG 

CTC GAG CTC CTG CTA CTC TGG CTC (C,A)CA GAT ACC 3'. The 

ve^ r Pr °P a U Sr S d , lgeS !f d With Xh01 and EC0RI ' 311(1 C,oned into a P^niid 
vector. Partial nucleotide sequences were determined by the dideoxy chain 

termination method for 18 randomly picked clones from each animal The 
sequences of each clone were compared to the germline sequence of the 
unrearranged transgene. 



l 
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Twenty-three light chain minilocus positive and 18 
heavy chain positive mice developed from the injected embryos. 
These mice, and their progeny, were bred with mice containing 
targeted mutations in the endogenous mouse heavy (strain JHD) 
5 and k light chain loci (strain JCKD) to obtain mice containing 
human heavy and k light chain in the absence of functional 
mouse heavy and k light chain loci. These mice contain only 
\B cells. 

Table 12 shows that somatic mutation occurs in the 
10 variable regions of the transgene-encoded human heavy chain 
transcripts of the transgenic mice. Twenty-three cDNA clones 
from a HC2 transgenic mouse were partially sequenced to 
determine the frequency of non-germline encoded nucleotides 
within the variable region. The data include only the 
15 sequence of V segment codons 17-94 from each clone, and does 
not include N regions. RNA was isolated from the spleen and 
lymph node of mouse 5250 (HC2 line 2550 hemizygouc, JHD 
homozygous) . Single-stranded cDNA was synthesized and 7 
transcripts amplified by PCR as described [references]. The 
20 amplified cDNA was cloned into plasmid vectors, and 23 

randomly picked clones were partially sequenced by the dideoxy 
chain-termination method. The frequency of PCR- introduced 
nucleotide changes is estimated from constant region sequence 
as <0.2%. 



25 



30 



35 



TABLE 12: The Variable Regions of Human y Tran scripts in HC2 
Transgenic Mice Contain Non-Germline-Encoded Nucleotides 

Number of non- Frequency of non- 

germline encoded 
nucleotides 



VH 
Segment 
VH251 
VH56P1 
VH51P1 
VH4.21 



Number of 
clones 
0 
10 

1 

.3 



germl ine-encoded 
nucleotides (%) 



100 

5 
0 



2*1 
2.0 
0.0 



Flow cytometry 

We analyzed the stained cells using a FACScan 
flow cytometer and LYSIS II software (Becton Dickinson, San 
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Jose, CA) . Spleen cells were stained with the following 
reagents: propidium iodide (Molecular Probes, Eugene, OR), 
phycoerythrin conjugated a-human Ig/c (clone HP6062; Caltag, S. 
San Francisco, CA) , phycoerythrin conjugated a-mouse Ig* (clone 
X36; Becton Dickinson, San Jose, CA) , FITC conjugated a-mouse 
IgX (clone R26-46; Pharmingen, San diego, CA) , FITC conjugated 
a-mouse Ig/i (clone R6-60.2; Pharmingen, San Diego, CA) , FITC 
conjugated a-human Ig/x (clone G20-127; Pharmingen, San Diego, 
CA) , and Cy-Chrome conjugated a-mouse B220 (clone RA3-6B2; 
Pharmingen, San Diego, CA) . 

Expression of human Iq transaenes 

Figure 69 shows a flow cytometric analysis of spleen cells from 
KCo4 and HC2 mice that are homozygous for Jboth the JHD and JCKD 
mutations. The human sequence HC2 transgene rescued B cell 
development in the JHD mutant background, restoring the 
relative number of B220 + cells in the spleen to approximately 
half that of a wild type animal. These B cells expressed cell 
surface immunoglobulin receptors that used transgene encoded 
heavy chain. The human KCo4 transgene was also functional, and 
competed successfully with the intact endogenous X light chain 
locus. Nearly 95% of the splenic B cells in JHD/ JCKD 
homozygous mutant mice that contain both heavy and light chain 
human transgenes (double transgenic) expressed completely human 
cell surface IgMic. 

Serum Ig levels were determined by ELISA done as 
follows: human ^: microtiter wells coated with mouse Mab a 
human IgM (clone CH6, The Binding Site, Birmingham, UK) and 
developed with peroxidase conjugated rabbit a human IgM(fc) 
(cat # 309-035-^095, Jackson Immuno Research, West Grove, PA). 
Human 7: microtiter wells coated with mouse MAb a human IgGl 
(clone HP6069, Calbiochem, La Jolla, CA) and developed with 
peroxidase conjugated goat a human IgG(fc) (cat # 109-036-098, 
Jackson Immuno Research, West Grove, PA). Human k: microtiter 
wells coated with mouse Mab a human Ig/c (cat # 0173, AMAC, Inc. 
Ig* (cat #A7164, Sigma Chem. Co., St. Louis, MO). Mouse 7: 
microtiter wells coated with goat a mouse IgG (cat #115-006- 
071, Jackson Immuno Research, West Grove, PA). Mouse X: 
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microtiter wells coated with rat MAb a mouse IgX (cat # 02171D, 
Pharmingen, San Diego, CA) and developed with peroxidase 
conjugated rabbit a mouse IgM(fc) (cat # 309-035-095, Jackson 
Immuno Research, West Grove, PA) . Bound peroxidase is detected 
5 by incubation with hydrogen peroxide and 2 , 2 • -Azino-bis-) 3- 
Ethylbenzthiazoline-6-Sulfonic Acid, Sigma Chem. Co., St. 
Louis, MO). The reaction product is measured by absorption at 
415 nm. 

The double transgenic mice also express fully 

10 human antibodies in the serum. Figure 70 shows measured serum 
levels of immunoglobulin proteins for 18 individual double 
transgenic mice, homozygous for endogenous heavy and kappa 
light chain inactivations, derived from several different 
transgenic founder animals. We found detectable levels of 

15 human \k 9 7I, and k. We have shown supra that the expressed 
human 7I results from authentic class switching by genomic 
recombination between the transgene /x and 7I switch regions. 
Furthermore , we have found that intra-transgene class switching 
was accompanied by somatic mutation of the heavy chain variable 

20 regions. In addition to human immunoglobulins, we also found 
mouse 7 and X in the serum. The present of mouse X protein is 
expected because the endogenous locus is completely intact. We 
have shown elsewhere that the mouse 7 expression is a 
consequence of trans-switch recombination of transgene VDJ 

25 segments into the endogenous heavy chain locus. This trans- 
switching phenomenon, which was originally demonstrated for 
wild-type heavy chain alleles and rearranged VDJ transgenes 
(Durdik et al. (1989), Proc. Natl. Acad. Sci. USA 86:2346-2350; 
Gerstein et al. (1990), Cell 63:537-548), occurs in the mutant 

30 JHD background because the downstream heavy chain constant 

regions and their respective switch elements are still intact. 

The serum concentration of human IgM* in the 
double transgenic mice was approximately 0.1 mg/ml, with very 
little deviation between animals or between lines. However, 

35 human 71, mouse 7,. and mouse X levels range from 0.1 to 

10 micrograms /ml. The observed variation in 7 levels between 
individual animals may be a consequence of the fact that 7 is 
an inducible constant region. Expression presumably depends on 



WO 94/25585 



PCT/US94/04580 



198 



factors such as the health of the animal, exposure to antigens, 
and possibly MHC type. The mouse X serum levels are the only 
parameter that appears to correlate with individual transgenic 
lines. KCo4 line 4436 mice which have the fewest number of 
copies of the transgene per integration (approximately 1-2 
copies) have the highest endogenous X levels, while KCo4 line 
4437 mice ("io copies per integration) have the lowest X 
levels. This is consistent with a model in which endogenous X 
rearranges subsequent to the k transgene, and in which the 
serum X level is not selected for, but is instead a reflection 
of the relative size of the precursor B cell pool. Transgene 
loci containing multiple light chain inserts may have the 
opportunity to undergo more than one V to J recombination 
event, with an increased probability that~one of them will be 
functional. Thus high copy lines will have a smaller pool of 
potential X cells. 

Immunizations with human CD4 and Tg K 

To test the ability of the transgenic B cells to 
participate in an immune response, we immunized double 
transgenic mice with human protein antigens, and measured serum 
levels of antigen specific immunoglobulins by ELISA. Mice were 
immunized with 50 ng recombinant sCD4 (cat. # 013101, American 
Bio-Technologies inc., Cambridge, MA) covalently linked to 
polystyrene beads (cat # 08226, Polysciences Inc., Warrington, 
PA) in complete Freund's adjuvant by intraperitoneal injection. 
Each of the mice are homozygous for disruptions of the 
endogenous M and k loci, and hemizygous for the human heavy 
chain transgene HC2 line 2500 and human k light chain transgene 
KCo4 line 4437. 



Methods 



Serum samples were diluted into microtiter wells 
coated with recombinant sCD4 . Human antibodies were detected 
with peroxidase conjugated rabbit a human IgM(fc) (Jackson 
Immune Research, West Grove, PA) or peroxidase conjugated goat 
anti-human Ig* (Sigma, St. Louis, MO). 
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Figure 71A shows the primary response of 
transgenic mice immunized with recombinant human soluble CD4. 
All four of the immunized animals show an antigen-specific 
human IgM response at one week. The CD4 -specific serum 
5 antibodies comprise both human /x heavy chain and human k light 
chain. 

To evaluate the ability of the HC2 transgene to 
participate in a secondary response, we hyper immunized the 
transgenic mice by repeated injection with antigen, and 

10 monitored the heavy chain isotype of the induced antibodies. 
Mice homozygous for the human heavy chain transgene HC2 and 
human k light chain transgene KCo4 were immunized with 25 /xg of 
human IgE* (The Binding Site, Birmingham, UK) in complete 
Freund's adjuvant on day = 0. Thereafter, „ animals were 

15 injected with IgE* in incomplete Freund's adjuvant at 

approximately weekly intervals. Serum samples were diluted 
1:10, and antigen-specific ELISAs were performed on human IgE, 
X coated plates. 

Figure 7 IB shows a typical time course of the 

20 immune response from these animals: we injected double 

transgenic mice with human IgE in complete Freund's adjuvant, 
followed by weekly boosts of IgE in incomplete Freund's 
adjuvant. The initial human antibody response was IgM*, 
followed by the appearance of antigen specific human IgG*. The 

25 induced serum antibodies in these mice showed no cross- 
reactivity to human IgM or BSA. The development, over time, of 
a human IgG 

We have also tested the ability of the heavy 
30 chain transgene to undergo class switching in vitro: splenic B 
cells purified form animals hemizygous for the same heavy chain 
construct (HC2, line 2550) switch from human IgM to human IgGl 
in the presence of LPS and recombinant mouse IL-4. However, in 
vitro switching did not take place in the presence of LPS and 
35 recombinant mouse IL-2, or LPS alone. 

In a transgenic mouse immunized with human CD4, 
human IgG reactivity to the CD4 antigen was detectable at serum 
concentrations ranging from 2 x 10" z to 1.6 x 10 
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Identificatio n of An ti-Hnmzm r D4 Hvhririn mag 

A transgenic mouse homozygous for the human heavy 
chain transgene HC2 and human K light chain transgene KCo4 were 
immunized with 20 ng of recombinant human CD4 in complete 
Freund's adjuvant on day 0. Thereafter, animals were injected 
with CD4 in incomplete Freund's adjuvant at approximately 
weekly intervals. Fig. 73 shows human antibody response to 
human CD4 in serum of the transgenic mouse. Serum samples were 
diluted 1:50, and antigen-specific ELISAs were performed on 
human CD4 coated plates. Each line represents individual 
sample determinations. Solid circles represent IgM, open 
squares represent IgG. 

A mouse of line #7494 (0012 ;HC1- 
26+;JHD++;JKD++;KC2-1610++) was immunized^ days 0, 13, 20, 
28, 33, and 47 with human CD4, and produced anti-human CD4 
antibodies comprised of human k and human n or y. 

By day 28, human n and human k were found present 
in the serum. By day 47, the serum response against human CD4 
comprised both human n and human y, as well as human k. On day 
50, splenocytes were fused with P3X63-Ag8 . 653 mouse myeloma 
cells and cultured. Forty-four out of 700 wells (6.3%) 
contained human y and/or k anti-human CD4 monoclonal 
antibodies. Three of these wells were confirmed to contain 
human y anti-CD4 monoclonal antibodies, but lacked human k 
chains (presumably expressing mouse X) . Nine of the primary 
wells contained fully human IgM* anti-CD4 monoclonal 
antibodies, and were selected for further characterization. 
One such hybridoma expressing fully human IgM« anti-CD4 
monoclonal antibodies was designated 2C11-8. 

Primary hybridomas were cloned by limiting 
dilution and assessed for secretion of human /x and k monoclonal 
antibodies reactive against CD4 . Five of the nine hybridomas 
remained positive in the CD4 ELISA. The specificity of these 
human Ig M « monoclonal antibodies for human CD4 was demonstrated 
by their lack of reactivity with other antigens including 
ovalbumin, bovine serum albumin, human serum albumin, keyhole 
limpet hemacyanin, and carcinoembryonic antigen. To determine 
whether these monoclonal antibodies could recognize CD4 on the 
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surface of cells (i.e., native CD4) , supernatants from these 
five clones were also tested for reactivity with a CD4+ T cell 
line, Sup Tl. Four of the five human IgM* monoclonal 
antibodies reacted with these CD4+ cells. To further confirm 
5 the specificity of these IgM* monoclonal antibodies, freshly 
isolated human peripheral blood lymphocytes (PBL) were stained 
with these antibodies. Supernatants from clones derived from 
four of the five primary hybrids bound only to CD4 + lymphocytes 
and not to CD8+ lymphocytes (Figure 72) . 

10 Fig, 72 shows reactivity of IgM* anti-CD4 

monoclonal antibody with human PBL. Human PBL were incubated 
with supernatant from each clone or with an isotype matched 
negative control monoclonal antibody, followed by either a 
mouse anti-human CD4 monoclonal antibody conjugated to PE (top 

15 row) or a mouse anti-human CD8 Ab conjugated to FITC (bottom 
row). Any bound human IgM* was detected with a mouse anti- 
human /x conjugated to FITC or to PE, respectively. 
Representative results for one of the clones, 2C11-8 (right 
side) and for the control IgM* (left side) are shown. As 

20 expected, the negative control IgM* did not react with T cells 
and the goat anti-human ft reacted with approximately 10% of 
PBL, which were presumably human B cells. 

Good growth and high levels of IgM* anti-CD4 
monoclonal antibody production are important factors in 

25 choosing a clonal hybridoma cell line for development. Data 
from one of the hybridomas, 2C11-8, shows that up to 5 
pg/cell/d can be produced (Figure 74) . Similar results were 
seen with a second clone. As is commonly observed, production 
increases dramatically as cells enter stationary phase growth. 

30 Fig. 74 shows cell growth and human IgM* anti-CD4 monoclonal 

antibody secretion in small scale cultures. Replicate cultures 
were seeded at 2xl0 5 cells/ml in a total volume of 2 ml. Every 
twenty-four hours thereafter for four days, cultures were 
harvested. Cell growth was determined by counting viable cells 

35 and IgM/c production was quant itated by an ELISA for total human 
/x (top panel) . The production per cell per day was calculated 
by dividing the amount of IgM/c by the cell number (bottom 
panel) . 
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F±g - 75 shows e Pitope mapping of a' human i gM « 
anti-CD4 monoclonal antibody. Competition binding flow 
cytometric experiments were used to localize the epitope 
recognized by the lg M « anti-CD4 monoclonal antibody, 2C11-8 
5 For these studies, the mouse anti-CD4 monoclonal antibodies 

Leusa and RPA-T4 , which bind to unique, nonoverlapping epitopes 
on CD4 were used. PE fluorescence of CD4 + cells preincubated 
wxth decreasing concentrations of either RPA-TA or Leu-3a 
followed by staining with 2C11-8 detected with PE-conjugated 
goat anti-human i gM . iThere was concentration-dependent 
competition for the binding of the human IgM, anti-CD4 
monoclonal antibody 2C11-8 by Leu3a but not by rp A - T4 (Figure 
75). Thus, the epitope recognized by 2C11-8 was similar to or 
identical with that recognized by monoclonal antibody Leu3a 
but distinct from that recognized by RPA-T4. 

In summary, we have produced several hybridoma 
clones that secrete human IgM, monoclonal antibodies that 
specifically react with native human CD4 and can be used to " 
discriminate human PBLs into CD4 + and CD4~ subpopulations . At 
least one of these antibodies binds at or near the epitope 
defxned by monoclonal antibody Leu3a. Monoclonal antibodies 
directed to this epitope have been shown to inhibit a mixed 
leukocyte response (Engleman et al., j. Exp . Med . (1981) 
153:193). a chimeric version of monoclonal antibody Leu3a has 
shown some clinical efficacy in patients with mycosis fungoides 
(Knox et al. (1991) Blood 77:20). 

The association and dissociation rates of the 
immunizing human CD4 antigen for the monoclonal antibodies 
secreted by two of the hybridomas, 4E4.2 and 2C5.1, were 
determined. The experimentally-derived binding constants ( K ) 
were approximately 9 x 10? M -i and 8 x 10 7 M -! for antibodies a ' 
4E4.2 and 2C5.1, respectively. These K a values fall within the 
range of murine IgG anti-human CD4 antibodies that have been 
used in clinical trials by others (Chen et al. (1993) Int 
■Immunol . 6: 647) . ~ 

The foregoing description of the preferred 
embodiments of the present invention has been presented for 
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purposes of illustration and description* They are not 
intended to be exhaustive or to limit the invention to the 
precise form disclosed, and many modifications and<r variations 
are possible in light of the above teaching. It will be 
5 apparent that certain changes and modifications may be 
practiced within the scope of the claims. 

All publications and patent applications herein 
are incorporated by reference to the same extent as if each 
individual publication or patent application was specifically 

10 and individually indicated to be incorporated by reference. 
Commonly assigned applications U.S. S.N. 08/209,741 filed 9 
March 1994, U.S. S.N. 08/165,699 filed 10 December 1993 and 
U.S. S.N. 08/161,739 filed 03 December 1993, which is a 
continuation-in-part of 08/155,301 filed 18 November 1993, 

15 WO92/03918, USSN 07/810,279 filed 17 December 1991, USSN 

07/853,408 filed 18 March 1992, USSN 07/904,068 filed 23 June 
1992, USSN 07/990,860 filed 16 December 1992, W093/12227, and 
USSN 08/053,131 filed 26 April 1993 are each incorporated 
herein by reference. 
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WHAT IS CLAIMED IS: 

lm A transgenic non-human animal 

comprising: a homozygous pair of functionally disrated 
endogenous heavy chain alleles, a homozygous pair of 
5 functionally disrupted endogenous light chain alleles, at least 
one copy of a heterologous immunoglobulin heavy chain 
transgene, and at least one copy of a heterologous 
immunoglobulin heavy chain transgene, and wherein said animal 
makes an antibody response following immunization with an 
10 antigen. 



2 * A transgenic non-human animal of Claim 

1, wherein said functionally disrupted endogenous heavy chain 
allele is a J H region homologous recombination knockout, said 

15 functxonally disrupted endogenous light chain allele is a J 
regxon homologous recombination knockout, said heterologous" 
xmmunoglobulin heavy chain transgene is the HC1 or HC2 human 
ininxgene transgene, said heterologous light chain transgene is 
the KC2 or KCie human * transgene, and wherein said antigen is 

20 a human antigen. 



0 



3. 



A tra nsgenic non-human animal of Claim 
1, wherein the antibody response comprises a population of 
antibodies which comprise human M chain-containing 
immunoglobulins and human y chain-containing immunoglobulins. 

4 * A transgenic non-human animal of Claim 

2 wherem the heterologous antibodies comprise a population of 
heterologous immunoglobulins which bind specifically to human 
Wlth an diss °ciation constant of approximately 8 x 10? K~K 

, 5 " A transgenic animal of claim 2 wherein 

the animal comprises a transgenic mouse having a genotype 
selected from the group consisting of: 

HCl-2 6+ ; JHD++ ; JKD++ ; KC2 -1 6 1 0++ ; 
HC1 - 2 6 + ; JHD++ ; JKD++ ; KC2 -1 6 1 0+ ; 
HCl-2 6+ ; JHD++ ; JKD++ ; KCle-152 7+ ; and 
HCl-26+;JHD++;JKD++;KCle-1399+. 
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6. A transgenic animal of claim 5 wherein 

the animal comprises a transgenic mouse having a genotype 
selected from the group consisting of: HC1-2 6+; JHD++; 
5 JKD++;KCle-1527+ and HC1-26+; JHD++; JKD++;KCle-1399+, wherein 
the antibody response comprises a population of antibodies 
which comprise human /x chain-containing immunoglobulins and 
human 7 chain-containing immunoglobulins. 

10 7. A transgenic mouse comprising a genome 

comprising: (1) a homozygous functionally disrupted endogenous 
heavy chain locus comprising at least one murine constant 
region gene comprising a functional switch recombination 
sequence and capable of trans-switching, and (2) a human heavy 

15 chain transgene capable of rearranging to encode a functional 
human heavy chain variable region and containing a functional 
switch recombination sequence capable of undergoing trans- 
switching. 

20 8. A transgenic mouse of claim 7, further 

comprising a human light chain transgene capable of rearranging 
to encode a functional human light chain variable region and 
expressing a human sequence light chain. 

25 9. A transgenic mouse of claim 7 , further 

comprising a homozygous functionally disrupted endogenous light 
chain locus. 

10. A transgenic mouse of claim 9, further 

30 comprising a serum comprising an antibody comprising a chimeric 
heavy chain composed of a human sequence variable region 
encoded by a human transgene and a murine constant region 

sequence encoded by an endogenous murine heavy chain constant 
region gene. 
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11. A transgenic mouse comprising a serum 

having a detectable amount of a chimeric heavy chain encoded by 
a sequence produced by trans-switching between a human 
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transgene and an endogenous murine heavy chain constant region 
gene. 

12 • A transgenic mouse comprising B cells 

5 which produce a human sequence heavy chain at a first timepoint 
and trans-switch to produce a chimeric heavy chain composed of 
a human variable region and a murine constant region at a 
second timepoint. 

10 13. a transgenic mouse comprising B cells 

which produce a chimeric antibody comprising a chimeric heavy 
chain comprising a human sequence heavy chain variable region 
and a murine sequence heavy chain constant region. 

15 14. a transgenic mouse of claim 13, 

wherein said chimeric antibody comprises a human sequence light 
chain. 



20 



15 • A transgenic mouse of claim 14, 

wherein the chimeric antibody binds to a predetermined antigen 
(e.g., the immunogen) with an affinity of about at least 1 x 



10 7 M -1 



16 • A transgenic mouse of claim 15, 

!5 wherein the predetermined antigen is human CD4 or human CEA. 

17 • A transgenic mouse having a genome 

comprising a human heavy chain transgene comprising two human 
V H gene segments, eight human D gene segments, six human J H 

0 gene segments, a human J-/x enhancer, a human » switch region, a 
complete human n c H gene, a human sterile transcript promoter, 
a human 7 switch region, a complete human 7 gene, and a 
heavy chain 3- enhancer, and wherein said unrearranged human 
heavy chain transgene lacks mouse V H gene segments, mouse D 

5 gene segments, mouse J H gene segments, mouse C H genes, mouse 

switch regions, and a mouse heavy chain enhancer, and wherein B 
lymphocytes of said transgenic mouse rearrange said 
unrearranged human heavy chain transgene by V-D-J joining to 
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produce a V-D-J gene joined in-frame encoding a heavy chain 
variable region expressed in polypeptide linkage to the 
constant region encoded by said complete human m or complete 
human 7 CH gene on said transgene. 

5 

18 . A transgenic mouse of claim 17 , 
wherein said human heavy chain transgene comprises a 5.3 kb 
Hindu I fragment of a human heavy chain gene locus containing 
the 71 switch region and the first exon of the preswitch 

10 sterile transcript, and wherein said B lymphocytes rearrange 
said human heavy chain transgene forming a V-D-J gene joined 
in-frame encoding a heavy chain variable region which is 
expressed as a human A or human chain in B lymphocytes of- said 
transgenic mouse. 

15 

19. A transgenic mouse of claim 18, 
wherein said transgene further comprises a 0.7 kb Xbal/Hindlll 
fragment of a human heavy chain gene locus, said 0.7 kb 
Xbal/Hindlll fragment consisting essentially of sequences 

20 immediately upstream of, and adjacent to, said 5.3 kb 7I 

fragment and further comprising a neighboring upstream 3.1 kb 
Xbal fragment of said human heavy chain gene locus. 

20. A transgenic mouse of claim 19, 

25 wherein said human heavy chain transgene comprises a human 71 
constant region including the associated switch region and 
sterile transcript associated exons, together with 
approximately 4 kb flanking sequences upstream of the sterile 
transcript initiation site, and a rat heavy chain 3* enhancer 

30 that can be PCR amplified with the following oligonucleotide 

primers: 5' CAG GAT CCA GAT ATC AGT ACC TGA AAC AGG GCT TGC 31 
51 GAG CAT GCA CAG GAC CTG GAG CAC ACA CAG CCT TCC 3 1 . 
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21. A transgenic mouse of claim 20, 

wherein said human heavy chain transgene comprises a NotI 
insert of pHCl. 
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22 • A transgenic mouse of claim 21, 

wherein said transgenic mouse comprises one intact germline 
copy of said NotI insert of pHCl and wherein said .transgenic 
mouse expresses both human n and human -yl chains in serum. 

23. A transgenic mouse of claim 22, 

wherein said human heavy chain transgene undergoes isotype 
switching whereby said V-D-J gene joined in-frame encodes a 
human heavy chain variable region which is initially expressed 
in peptide linkage to a human n constant region and 
subsequently expressed in peptide linkage to a human y constant 
region in B lymphocytes of said transgenic mouse. 

24 • A transgenic mouse comprising an 

intact integrated germline copy of a NotI insert of pHCl or 
pIGMl, wherein said transgenic mouse expresses human /X and 
human 7 l chains in serum, each human n or human yl chain 
comprising a variable region consisting essentially of a 
polypeptide sequence encoded by a human V H gene segment, a 
human D gene segment, and a human J H gene segment, joined in- 
frame as a VDJ gene. 

25 • A transgenic mouse of claim 17, 

wherein said transgenic mouse further comprises a functionally 
disrupted endogenous heavy chain locus which lacks mouse J u 
gene segments • 



26 • A transgenic mouse having an intact 

integrated germline copy of a human heavy chain transgene 
consisting essentially of a NotI insert of pHCl, wherein said 
transgenic mouse expresses, in its serum, immunoglobulin chains 
encoded by said human heavy chain transgene and comprising 
human or human 71 constant regions, 

27 • A method for producing an antibody 

comprising a human immunoglobulin in serum of a transgenic 
mouse, said method comprising the step of immunizing with a 
predetermined antigen a transgenic mouse of claim 17 or claim 
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25, and collecting serum from said animal after a .suitable 
period for a humoral immune response, 

* 

28. A hybridoma comprising a B cell of an 
5 transgenic mouse of claim 17 or claim 25 which has been 

immunized with a predetermined antigen, fused with a second 
cell capable of immortalizing said B cell, wherein the 
hybridoma produces a monoclonal antibody comprising a human 
heavy chain and wherein said monoclonal antibody binds to said 
10 predetermined antigen. 

29. A hybridoma of Claim 28, wherein the 
predetermined antigen is a human antigen. 

15 30. A hybridoma of Claim 29, wherein the 

human antigen is CEA, CD4, or NCA-2. 

31. A hybridoma of Claim 28, wherein the 
monoclonal antibody binds to a human antigen with an affinity 

20 of at least 1 x 10 7 M" 1 . 

32. A hybridoma of Claim 28, wherein the 
hybridoma comprises a functionally disrupted murine 
immunoglobulin allele. 

25 

33. A hybridoma of Claim 31, wherein the 
monoclonal antibody binds human CD4 with an affinity of 
approximately 8 x 10 7 M~ 2 . 

30 34. A human monoclonal antibody produced 

by a hybridoma of Claim 28. 

35. A human monoclonal antibody of Claim 
34, wherein said human antigen is CEA, CD4 , or NCA-2. 

35 

36. An immunoglobulin heavy chain 
minilocus transgene that is expressed in B cells of a 
transgenic nonhuman animal containing at least one integrated 
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37 • An immunoglobulin heavy chain 

tr ansgene of claim 3Si „ here . n sa . a £ repl " oated ln 

a mammalian genome. replicated in 

Clai™ 9 * k - 38 ' A transgenic mouse of Claim 17 or 

Claxm 25, where.n said heavy chain transgene is a minilocus. 
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nnciGGoc ixsoaocag gstggcqcag gaigcicagt c<30£agga 

AGAAGCAGGT GGICTCTGCA GCTCGAAGCT CAGCTCCCAC CCAGCTGOT 

TGCATCTCOC TOXAGCTQC CCTACCTTOC AGfiGGCTfelL J^^TtX CTG 

•nnCAGAQCr CTGGGG5&3GA ACTGCTCRGT TAGGAOCCAG AGGGAAOCAT 

GGAAGOCCCA GCTCAGCTTC TCTTCCTCCT GCTACTCTGG CTCCCAGgtg 
tGluAlaPro AlaGlnLeuL euPheLeuLs ul£uLeuTrp I/suPro 
agggggaacc atgaggtggt tttgcacatt ' agtgaaaact cttgccacct 

ctgctcagca agaaatataa ttaaaattca aagtatatca acaattttgg 

ctctactcaa agacagctgg trcgaccttg attacatgag tgcattrccg 

ttttatttcc aatttcaoAT ACCACCGGAG AAATTGTGTT GAGACAGTCT 

Asp ThrThrGlyG luIleValLe uThiGlnSer 
CCAGGCACOC TCTCTTTGTC TOCAGGGGAA AGAGOCAODC TCTCCTGCAG 
ProAlaThrL euSerLeuSe rProGlyGlu Arg A laT h rT . euSertysAr 
GGOCAGTCAG AGTGTTAGCA GCTACTTAGC CTGGEAOCAA CAGAAACTTC 
gAlaSerGln SerVaiSerS erTyrLeuAl aTrpTyrGln GliiLysProG 
GO^GGCIO C cmiDCTC ATCEATGATG CASOCAACAG GGOCACTGGC 
lyGlnAlaPr oArgLeuLeu IleTyrAspA laSerAsnAr gAlaThrGly 
ATOOCAGOCA GGITCAGTGG CAGTGGGTCT GGGACAGACT TCACTCTCAC 
IleProAlaA rgPheSerGl ySerGlySer G lyThr AspP heThrLeuTh 
CATCAGCAGC CTAGAGOCTG AAGATTTTGC AGTITATTAC TGTCAGCAGC 
rlleSerSer LeuGl uProG luAs pPheAl aVal TyrTvr CvsG LnGlnA 
GTAGCAACTG r-rr-vrr^r* r^TTTTAr ATTCAAhTAAA AAfUXAACA 

rgSerAsnTr pPro 

AGACCATCAG TGTTTACIAG ATTATTAIAC CAGCTGCITC OTTACAGAC 

AGCIAGTGGG GT 
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.-ijGGCGGCGC ^GRTGCICAG TGC^GAGAGA AGAAACAGGT GGTCTCTGCA 

GCTGGAAGCT CAGCTOOCAC OXAGCTGCT ITGCADCTOC CTCCCAGCIG 100 

CCCTACCTTC CAGAGCXT^T *TTAA'far GGGTCAGAGC TCTGGGGAGG 150 

AACTGCTCAG TTAGGAOCCA GACGGAAOCA TGGAAGCCCC AGGGCAGCTT 200 

. M etGluAlaPr oAlaGlnlau 

CICTICCICC TGCTACTCTG GCTCACAGgt gaggggaata tgaggtgtct 250 
LeuPheLeuL euLeuLeuTr pLsuThr 

ttgcacatca gtgaaaactc ctgccacctc tgctcagcaa gaaatataat . 300 

taaaattcaa aaragatcaa caattttggc tctactcaaa gacagtgggt 350 

ttgattttga u^cangagn gcarczzzgz tttatttcca atttcagAIA 400 

AscT 

OCAOOGGAGA AA1TGTGTTC ACACAGTCTC CAG0CACO2T GTCTITCICr 450 
hrthrGlyGl uIleValLeu ThrGlnSerP roAlaThrLe uSerLeuSer 
OCAGGGGAAA GAGGCACCCT CTXTTGCAGG GCXZAGTCAGG GTGTTAGCAG 500 
ProGlyGluA. rgAlalhrLe uSerCysArg AlaSerGlnG lyValSerSe 
CTACITAGCC TGGXAOCAGC AGAAACCTO3 CCAGGCTOX AGGCTCCTCA 550 
rTyr^uAla TrpTyxGlnG InLysProGI yGlnAlaPro ArgLeuLeuI 
TCTATCATGC ATCCAACAGG GGCACTGGCA TCCCAGOCAG GTTCAGTGGC 600 
i^VrAspAl aSerftsnArg AlaThrGlyl leProAlaAr gPheSerGly 
AGTGGGCCTG GGACAGACTT CAOCTCACC MCAGCAQCC TAGAGCCIGA 650 
SerGlyProG lyThr &spPh eThrLeuIhr IleSerSerL euGluProGl 

flGarrrrGCA Grimmer gtcagcagcg tagcaactgg catc cBFzB 700 

^spPheAla Val TyrTvrC vsG lnGlnAr gSerAsnTrp His 

TSWTAAAft AQdXAACAA GAOZATCAGT GTTTACTAGA 750 

TTATTATACC AGCTQCTTCC TITACAGACA GCTAGTGGGG IGGCCACICA 800 

GTCTTAGCAT CICAGCTCTA TTTCGCCATT TTGGAGTTCA AGTTGTCAAG 850 

TCCAAAAITA CTTATGTTAG TCCAITGCAT CAIACCAITr CAGTGTGGCT 900 
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QCGOOCCAGC TGCITTGCAT GTCCCTOCCA GCOGGCCTGC AGTCCAGAGC 53 
rr^TRTrfiATl GCCTGGGTCA GAGCTCTGGA GAAGAGCTGC TC2GTTAGGA 100 



AIXEEAGAGG GAAGC£1GGA. AACEXAGGG CM3CTTCTCT TC3CTCCTQCT 150 

t-tetGl uThrProAla GloLeuIeuP heLeuLe u Le 
ACTCTGGGDC CCAGgtgagg ggaacatggg atggttttgc atgtcagtga 
uLsuTrpLeu Pro 

aaacccrcnc aagncctgtt acctggcaac tctgctcagt caatacaata 



attaaagctc aanataaagc aat^artctg gctcttctgg gaagacaatg 
ggtttgattt agattacatg ggngactttt ctgttttatt tccaatctca 



CTCAATTTAG CATCTCTCTC TGCTTGGGCA TTTTGGGGAT CTTAAAAAAG 



200 
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300 
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400 



gAiaocaccG gagaaattgt gttgacgcag tctoc£GGCa. coctgtcitt 

AspThrThrG lyGluIleVa ILeuThrGln SerProGlyT hrl^ uSerle 
GICIOCAGGG GAAAGAGCCA GXTCTCCTG CRGGGOCRGT CAGfifca-UTXA 450 
uSerProGly GluAraAlaT hrLeuSerCy sArgAlaSer GlnSerValS 
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GOGTGCCCA GCrTGCOOCA TCCCCTGCTC ATTTGCAIGT TCCOOGCA 150 

CAACCTCCTG C0OGAAG0C tTTBTTAAliftf; GCTGGTCAGA CTTTGTGCAG 200 



GAAHXZAGAOC CAGICAGGAC ACAGC&TGGA CMGAGGGTC CTOGCTCAGC 250 

MstAs pMstArgVal LeuAlaGlnL 

TOCDGQGGCT OCTQCIGCIC TbTHUOJAG gtaaggatgg agaacactag 300 
euLeuGlyLe uLsuLeuLeu CysPhePro 

cagtttactc agcccagggt gctcagwcx gcxttactat tcagggaaat 350 

tctcttacaa catgatxaat tgtgtggaca tttgttttta tgtttccaat 400 
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ATTAGCAGCT GL3ITAGLUII3 GIATCAGCAG AAAOCAGAGA AAG000CIAA 550 
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TCAQCGGCAG TGGATCIGSG ACAGATTTCA CTCTCAGCAT CAGCAGXTG 650 
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Gl nProGluA . spPheAlaTh rTyrTvrCvs GlnGlnTvrA. snSerTyrPr 
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GAGGCTGGGC TGOCCCAGCT GCTTCTCTTG AIGQCTCCAT CAGCTGAGAG 800 
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